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i  Of  the  peculUr 

fluids  are  exempt  from  thofe  laws^  as  far  howeref 
us  their  nature  admits  of  their  being  placed  in  cir- 
cumftances  fimilar  to  thofe  of  the  folids ;  but  be- 
caufe  the  mechanic  of  fluids  contains  certain  other 
laws  which  arc  not  applicable  to  folids;  hence  the 
jwrticular  examination  of  the  equilibrium  and  of 
i\\t  motion  of  the  fluids,  was  refcrvcd  for  the  pre- 
fcnt  part, 

AYc  are  now  going  to  treat  of  the  peculiar  pro- 
perties of  bodies,  viz.  of  fuch  as  render  one  piece 
of  matter,  or  fet  of  bodies,  different  from  another 
piece  of  matter,  or  other  fet  of  bodies ;  and  of 
•  fuch  properties  there  are  fome  which  belong  to  a 
great  number  of  bodies,  though  riot  to  all;  others 
which  belong  to  a  few ;  and,  laftly,  there  are  other 
properties,  which  belong  to  finglc  bodies  only. 
Thus  water,  oil,  fpirit  of  wine,  and  air,  are  di 
/uid  fubftances,  fo  that  by  that  fluidity  they  are 
diftinguithed  from  flohes,  metals,  wood,  bones^ 
&c.  which  are  all  foltd  fubftances.  But,  though 
water,  oil,  fpirit  of  wine,  and  air,  be  all  calkd 
fluids ;  yet  the  firft  three  are  diftinguiflied  from 
the  laft,  by  this,  viz.  that  they  are  not  compref- 
fible^into  a  narrower  fpace  by  the  application  of 
any  mechanical  force,  at  leaft  not  in  any  remark-, 
able  degree  j  whereas  air  may  be  eafily  compreflcd 
into  a  narrower  fpace.  Hence  water,  oil,  and  fpirit 
of  wine,  are  (aid  to  be  non-elaftic  fluids ;  but  air  is 
faid  to  be  an  elaftic  fluid.  Farther,  though  water, 
qUi  and  fpirit  of  wine,  be  all  three  non-elaftic 
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fluids,  yet  llie  firft  may  be  diftinguiflicd  from  the 
other  two/  by  its  not  being  capable  of  inflamma^ 
tion  J  whereas  oil  and  fpirit  of  wine  may  be  eafily 
inflamed  and  burned  away.   Yet  though  thefe  two 

.  agree  in  the  property  of  being  inflammable,  they 
may  however  be  eaiily  diflinguilhed  from  each 
x)ther  by  means  of  other  peculiar  properties ;  com- 
mon oil,  for  inftance,  is  much  lefs  fluid  than 
Ipirits ;  it  alfo  feels  clammy  to  the  fingers,  which 
fpirit  of  wine  does  not  \  it  is  lefs  inflammable,  and 
leik  evaporable  than  fpirits,  &c.  ^ 

'  This  fhort  iketch  of  the  nature  and  variety  of 
the  natural  properties  of  bodies,  will  fufliciently 
manifeft.the  multiplicity  of  particulars  which  mufl: 
be  noticed  in  the  prefent  part  of  thefe  elements ; 
.  and  will,  at  the  fame  time,  point  out  the  neceflity 
*of  preferving  as  much  order  and  perfpicuity,  as  the 
intricate  nature  of  the  fubjed  can  admit  of. 

With  this  view  we  (hall  begin  by  making  a 
flight,  but  general,  furvey  of  the  Univerfe,  or  ra- 
ther, pf  the  bounds  of  human  knowledge  relative 
to  the  number  and  variety  of  natural  bodies; 
whence  the  reader  may  form  fome  idea  pf  the  ex- 

^  tent,  variety,  and  importance,  of  the  fubjed.     But 

'  previous  to  this,  it  will  be  proper  to  make  the  fol- 
lowing obfervation. 

It  is  a  rule  in  elementary  compofitions,  to  explain 
thofe  articles  firft,  which  may  elucidate  what  fol- 
lows;-—to  take  nothmg  for  truth,  unlefs  it  has 
)>ecn  previoufly  proved ;  and  not  to  mention  any 
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thfng  which  has  not  been  already  defcribed.   .But'.  .• 
the  ftridt  adherence  to  thb  rule  is  imprafticable  irr. .  !: 
natural  philofophy,  wherein  hardly-  any  thing  ca»  .;:.\ 
be  mentioned,  which  does  not  owe  its  exiftence:  *;'.•  \ 
to  the  previous  exiftence  of  feveral  other  things^-  *•;  •.. 
which  cannot  have  been  all  previoufly  defcribed/^'  ; 
Thus,  in  fpeaking  of  the  fufibility  of  metals,  w^  '.;  .\ 
muft  naturally  mention  the  thermometer;  and  in 
defcribing  the  thermometer,    we   muft  naturally 
fuppofe  the  previous  knowledge  of  the  fufibilit jr ;'   -i 
of  glafs,  and  of  the  nature  of  quickfilver,  whiyjh      A 
is  the  metallic  fubftance  moftly  ufed  for  the  coii-  *    f 
ftruftion  of  that   very   ufeful  inftrument.    The       ; 
reader,  however,  need  not  be  under  any  apprehert- 
fion  of  being  milled  or  confufod ;  for  whenever  any 
article  is  mentioned  without  its  having  been  pre-j       , . 
vioufly  explained,  he  may  be  affured,  in  the  firS:?      \ 
place,  that  the  particular  defcription  of  that  ^t^- 
tide  is  not  neceflarily  required  in  that  place ;  anti 
fccondly,  that  the  proper  defcriptioA  of  that  artN  '.  ;.:. 
cle  will  be  found  in  fomc  other  more  appropri^cy*  |- 
part  of  the  work. 
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CHAPTER    I. 


CONTAINING  AN  ENUMERATION  OF  THE  VARIOUS 
KNOWN  BODIES  OF  THE  UNIVERSE,  UNDER  GB* 
NERAL  AND  COMPREHENSIVE  APPELLATIONS. 

THE  mod  diftant  objeds,  that  ^re  at  all  per- 
ceivable by  any  of  our  fenfes,  are  the  lumir 
nous  coeleftial  bodies,  atnongft  which  the  Sun  is 
the  grandeft  and  the  moft  admired  of  the  creation. 
Its  fplendor,  its  heat,  and  its  beneficial  influence, 
have  always  excited  the  particular  attention  of  the 
human  (pecies,  and  have  obtained  the  adoration  of 
all  thofe  nations,  which  have  not  been  bleffed  with 
tht  light  of  Revelation.  Next  to  it  is  the  Moon, 
whofe  apparent  fize  nearly  equals  that  of  the  Sun  5 
but  its  (plendor  is  vaftly  inferior.  The  other  nur 
merous  bright  objeds  of  the  heavens  differ  from 
^ach  otljier  in  fize  and  luftre ;  but  in  thofe  rpfpeft^ 
they  all  appear  greatly  inferior  even  to  the  Moon. 
Anuangft  them  there  are  fix,  which  are  feen  to 
move  with  apparent  irregularity,  but  under  certain 
determinate  laws,  throi)gh  certain  parts  of  the 
heavens ;  whilft  the  others  appear  to  remain  at  the 
fame  unalterable  diftance  from  each  other. — ^The 
former  are  called  Planets^  and  their  particular  name$ 
are.  Mercury,  Fenus,  Mars,  Jupiter,  Saturn,  and  the 
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Georgian  Planet :  but  it  will  be  fliewn  hereafter,  that 
the  Earth  we  inhabit  is  likewife  a  planet,  which 
renders  the  planets  feven  in  number.  The  latter 
are  called  Stars,  the  principal  of  which  have  like- 
wife  obtained  particular  names ;  but  they  are  too  • 
numerous  to  be  inferted  in  this  place. 

Befides  the  Stars  properly  fo  called,  and  the  pla« 
nets,  which  are  always  vifible  to  the  inhabitants  of 
the  Earth,  feveral  other  luminous  objeAs  are  at 
times  feen  in  the  heavens,,  which  appear  for  a  con-, 
fiderable  time,  move  in  a  manner  apparently  more 
irregular  than  the  planets,  then  difappear,  and  per* 
haps  make  their  appearance  again  after  a  long 
period  of  years.  ^  Thefe  are  called  Comets. 

By  means  of  the  telefcope  it  has  been  difcovered, 
that  four  fmall  luminous  objefts  revolve  at  certain 
diftances  round  the  planet  Jupiter  i  (even  fuch 
bodies  revolve  round  the  planef  Sahirn,  and  fix 
revolve  round  the  Georgian  Planet,  Thofe  fmall 
revolving  bodies  are  called  Satelliles,  or  Moons ;  for 
m  fa<5l  the  Moon  itfelf  will  be  (hewn  to  be  a  Satel- 
lite, which  moves  round  the  Earth,  in  the  fame 
manner  as  the  abovementioned  fatellites  revoIvQ 
round  their  refpedlive  planets  in  ftated  periods. 

The  fcience  which  enumerates  tho(e  coeleflial 
cbjedls,  which  defcribes  their  peculiar  appearances, 
which  examines  and  calculates  their  movements, 
and  which  renders  that  knowledge  ufeful  to  th.e 
Jiyman  fpecies,  is  c^ed  Agronomy,  the  elements  of 

which 
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which  will  be  explained  in  the  fourth  part  of  this 
work. 

The  cclcftial  bodies  which  have  been  juft  men- 
tioned, and  fuch  as  fall  under  the  cognizance  of 
^ftronomy,  do  all  move  under  certain  laws,' which, 
even  with  reipeft  to  theComets,  have  been  in  a  great 
meafure  invefligated  and  afcertatned.  But  there 
are  (everal  other  objeAs,  either  luminous  or  opaque, 
which  appear  in  the  fky  at  uncertain  times,  and 
which  do  not  follow  any  known  regularity  of  mo* 
tion;  (b  that  they  very  feldom  appear  twice  in  the 
fame  place,  and  of  precifely  the  fame  fhape.  Thefe 
are,  for  very  ftrong  reafons,  fuppofed  to  be  much 
nearer  to  us  than  the  Moon,  which  is  the  neareft 
to  us  of  all  the  celeftial  bcxlies  that  have  a  known 
regularity  of  motion.  They  are  <:olIcAivel5r  called 
MeteorSy  whence  the  particular  exaniination  of  their 
origin,  of  their  appearances,  and  of  their  influence, 
or  of  their  effeds,  forms  the  fubjcft  of  Meteorology^ 
which  is  a  very  confider^bje  branch  pf  Natural 
Philofophy. 

The  principal  objedts  of  Meteorolc^'  are,  i .  Thofi? 
luminous  appearances,  which  are  commonly  called 
Falling  S/ars,  or  ShoQting  StarSy  the  largeft  of  which 
are  more  particularly  called  Meteors,  z.  The  quick 
moving  light,  which  is  feej>  at  times  in  the  fky, 
efpecially  about  the  North  and  South  Poles,  and 
which  has  hence  been  denoniin^ted  the  Jurora 
BorealiSy_  and  Jitrora  Aujbralis^  or  fJ or  them  and 
S^thern  slights.    3.  Tht  Rain-hw.    4.  Halo' s^  or 
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Coronals,  yhz.  thofe  fteady  white  circles  which  are 
fometimes  feen  about  the  Sun  and  the  Moon.  5. 
Tarheliay  or  Moek  Suns^  and  Parafeknae^  or  Mock-* 
Moon.  6.  The  Zodiacal  Light.  7  •  Other  luminous 
appearances  more  irregular  and^  lefs  remarkable 
than  the  preceding,  which  have  obtained,  from  their 
more  ufual  (hapes,  fituations,  &c.  the  various  names 
of  DrmcQ  Folans^  viz.  Flying  Dragon,  or  Flying  Kitei 
Luminous  Arches  i  Luminous  Clouds  \  Ignis  Fatuus^ 
vulgarly  called  IVill  with  a  wifp,  or  Jack  in  a 
lanthorn^  or  Jack^4anthorn\  the  Fata  Morgana^ 
&c.  8.  Thunder  Vind  Lightning.  9,  Vapours,  FogSy 
Mifts,  dnd  Clouds.  10.  Rain,  Hail,  and  Snow. 
II.  fVater  Spouts,  iz.  ^;Wj,  under  the  various 
names  of  Trade  fVinds,  Monfoons,  G^les,  Whirlwinds^ 
&c.    13.  Storrhs^zxiA  Hurricanes,* 

Some  authors  have  reckoned  the  natural  forma- 
tion  of  ice,  or  the  froft,  as  alfo  earthquakes,  volca- 
nos,  &c.  amongft  the  meteors  j  but  it  will  be  much 
better  to  confine  the  word  meteor  to  its  original 
lignification,  viz.  to  fopiething  that  takes  plage 
ip  the  fky  above  us,  but  nearer  to  u^  than  the 
Moon.— The  mature,  origin,  and  effeds  of  the 
Vbove  enumerated  meteorogical  objefts,  as  alfo  of 
volcanos,  of  earthquakes,  &c»  will  be  defcribed  ia 
different  parts  of  thefe  elements, 

*  Thofe  obje£ts  of  meteorology  have  been  ufually  faid  to 
be  of  three  kinds,  \\z.fiiryy  watery,  and  airy,  nutegrs.  3ut 
tbi3  diftin^on  is  both  ufeleis  and  ini|>roperf 
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Wc  muft  laftly  enumerate  the  various  bodies 
which  form  the  Earth,  or  the  planet  we  inhabit. . 

A  variety  of  obfervations,  experiments,  meafure- 
ments, .  and  incontrovertible  arguments,  the  prin- 
cipal of  which  will  be  mentioned  hereafter,  have 
proved  that  this  Earth  is  not  a  perfedb  (phere;  but 
that  it  is  a  little  flattened  on  two  oppofite  parts, 
which  give  it  the  figure  of  an  oblate  Jpheriod  \  the 
longed  diameter  of  which  has  been  reckoned  equal 
to  41960862  Englifli  feet,  or  7947  Ejiglifh  miles; 
'  the  (horteft  diameter  has  been  reckoned  equal  to 
41726516  Englifh  feet,  or  7902,/  Englifli  miles; 
the  difference  of  the  two  diameters  being  234345,6 

feet,  or  44,4  miles/ 

The 


*  See  De  la  Lande's  Aftronomy,  vol.  III.  De  la  Figure  de 
laTerreetde^fonapplatiiTcinenti  where,  Viz.  in§.  2690,  and 
2693,  the  two  diameters  are  fbewn  to  be  equal  to  6562024, 
and  6525376  French  toifes,  from  which  the  above-mentioned 
lengths  have  been  derived;  a  French  toife  being  equal  to 
6^3945  Englilh  feet. 

Sir  Ifaac  Newton,  fuppofing  the  earth  to  be  of  uniform 
denfity,  affigned  for  the  difference  between  the  equatorial 
and  polar  diameters  ,j^  part  of  the  former,  fiofcovich, 
taking  a  mean  from  all  the  meafures  of  degrees,  found  the 
difference  of  the  two  diameters  equal  to-^I^.  From  other 
mcafurements  made  in  various  parts  and  calculated  by  dif- 
ferent able  mathematiciaQS|  this  difference  has  been  reckoned 
equal  to  j4-r  or  ^  by  de  La  Lande ;  to  ^-j.  by  de  La 
Place;  to  j^  by  Sejour.— -Thefc  latter  refults  agree  pretty 
well  with  the  obfervations  of  the  length  of  the  pendulum 
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The  furface  of  the  Earth  confifts  of  land  and 
.  water  varioufly  intermixed.  The  land  is  ulually 
divided  into,  1.  Continents^  or  ver)'  large  trafts 
comprehending  feveral  countries,  ftates,  &c.  2. 
IJlands^  or  fpots  of  dry  land,  having  water  all  round. 
3.  PeninfulaSj  or  fpots  of  dry  land  furrounded  by 
^  water,  excepting  a  fmall  neck  or  communication 
'with  fome  other  land.  4.  Ifthmufes^  or  necks  of 
land,  which  join  the  peninfulas  to  other* land. 
5.  Promontories^  or  high  lands  extending  themfelves 
into  the  fea,  the  extremities  of  which  are  called 
Capes  or  Head-landsm  And  laftly.  Mountains,  which 
are  parts  of  the  land  confiderably  elevated  above 
the  adjacent  country  i  the  fmalleft  of  which  are 
called  Hi/Is. 

The  watery  part  of  the  furface  is  ufually  divided 
into,  I.  Oceans^  ox  vafl  coUedions  of  (alt  water,  viz. 
the  largefl;  divifions  of  the  watery  part  of  the  fur- 
face.  2,  Seas^  or  parts  of  oceans,  clofe  to,  or  between 
,fome  countries.  3.  Gulfs  or  Bays^  which  are  feas 
having  land  all  round,  except  on  one  fide,  by  which  » 
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made  in  dIfFerent  latitudes ;  fo  that  upon  the  whole  ^^  or  a 
fra«Elion  not  much  differing  from  this,  feems  to  be  the  neareft 
to  the  truth.  The  caufes  of  difagreement  between  the  re-p 
fults  of  different  meafurcments,  probably  are  the  imperfec* 
tipn  of  inflruments,  the  partial  attradiotl  of  mountains,  and 
the  unequal  denfity  of  the  materials  within,  and  at  no  great 
diftance  from  the  furface  of  the  earth.  See  Profcffor  Play- 
fair's  paper  on  the  fig.  of  the  Earilj  in  the  Tranf,  of  the 
R.  S.  of  Edinburgh,  vol.  V,  P.  I, 

3  •  '     they 
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they  communiciate  with  other  feas  or  oceans, 
4.  Straits^  or  Friths,  being  narrow  branches  of  the 
fea between  two  contiguous  lands,  or  narrow  paflages 
from  one  fea  to  another.  5.  Lakes,  or  colle&ions 
of  water  in  fome  inland  place.'  And  6,  Rivers,  or 
Streams  of  tVater. 

The  particular  defcription  of  thofc  parts,  as  alfo 
of  the  political  divifion  of  the  Earth,  form  the  fub- 
jefts  of  Geography  and  Hydrography. 

There  are  feveral  hollows  or  natural  pits  in  the 
JEarth;  but  they  either  do  not  defcend,  or  could  not 
be  examined,  to  any  great  depth.  Deep  pits  have 
alfo  been  made  by  human  art  j  but  the  deeped  of 
thenvdo  not  exceed  2400  feet,  or  lefs  than  half  a 
mile ;  fo  that  the  induftry  of  man  has  not  been  able 
to  penetrate  fp  far  below  the  furface  of  the  Earth 
as  half  a  mile,  which  is  a  very  fliort  diftancc  indeed, 
when  compared  with  the  abovementioned  lengths 
of  the  diameters.  So  that  whatever  lies  below  that 
depth  is  to  us  utterly  unknown. 

The  materials  which  have  been  extrafted  from 
thofe  excavations  are  not  in  general  of  a  nature 
different  from  thofe,  which  in  fpme  particular 
places  have  been  found  immediately  upon  the  fur^ 
face  of  the  earth. 

Upon  that  furface  a  vaft  variety  of  objedls  is  to 
be  obfcrved;  but  thofe  various  objefts,  together 
with  thofe  that  are  dug,  have  been  ufually  arranged 
under  three  grand  divifions,  which  are  naturally 
ryggeft?4  t>y  th^ir  more  ftrikiji^  properties,  and 

which 
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which  have  been  emphatically  called  the  thru 
Kingdoms  of  Nature  i  viz.  the  Animal  Kingdom^ 
which  comprehends  all  thofe  felf-moving,  organiz- 
ed bodies,  of  which  the  human  being  forms  one 
ipecies^  Th^  Vegetable  Kingdom^  which  compre- 
hends all  thofe  organized  bodies  called  plants^ 
which  grow  by  an  enlArgement  of  parts,  have  a 
certain  period  of  life  or  of  exiftence,'  but  are  at- 
tached to  a  particular  part  of  the  foil,  from  which 
they  derive  the  greateft  part  of  their  nourilhment. 
And  laflly,  the  Mineral  Kingdom,  which  compre- 
hends all  the  other  bodies  of  the  Earth ;  for  all 
the  others  are  fometimes  found  within  the  Earth, 
whereas  living  animals  and  living  plants  are  not  tp 
be  found  buried  at  any  confiderable  depth  below 
the  furface  of  the  Earthy 

Every  one  of  thofe  three  grand  divifions  is  fub- 
divided  into  a  variety  of  fubordinate  fubjefts.  , 
Thus  the  particular  enumeration  and  claflification 
of  .all  living  creatures,  or  organized  bodies,  which 
give"  marks  of  fenfation,  which  continue  their  kinds 
according  to  invariable  laws,  and  which  are  found 
in  the  ftate  of  embryo,  infancj-,  maturity,  old  age, 
or  death,  forms  the  fubjed:  of  Zoology. — Anatomy 
examines  and  defcribes  the  internal  and  external 
parts  of  the  animal  body.  Aledicine,  or  the  Me- 
dical art,  endeavours  to  prefervc  or  to  reftore  the 
health  of  animals,  and  Js  itfelf  fubdivided  into 
other  branches,  &Ce 
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Thtis  al{b  with  rcfpcft  to  the  vegetable  king- 
dom, the  enumeration  and  Tegular  arrangement  of 
all  the  plants  forms  the  fciencc  of  Botany.    The 
art  of  cultivating  them  is  called  Agriculture^  Huf- , 
bandry^  &c. 

In  like  manner  with  refpeft  to  minerals,  the 
enumeration  and  arrangement  of  all  their  fpccies, 
together  with  the  defcription  of  fuch  of  their  pro- 
perties as  are  ncccffary  to  difcriminate  them  from 
each  other,  forms  the  fubjeft  o(  Miner alo^.  The 
confidcration  of  their  original  formation,  and  of 
their  prefcnt  natural  difpofition  in  the  body  of  the 
Xarth,  is  denominated  Geology.  The  particular 
knowledge  and  management  of  one  fort  of  mine- 
rals, viz.  of  metallic  fubftances,  is  called  Metal-- 
lurgy ;  and  fo  forth. 

When  the  knowledge  of  thofe  various  fubjefts 
was  not  very  extenfive,  all  the  known  particulars 
could  be  eafily  arranged  under  the  general  title  of 
Natural  Philofopy^  but  the  progrefs  of  civiliza- 
tion, and  the  unremitted  attention  which  has  been 
bellowed,  particularly  within  the  two  laft  cen- 
turies, on  fcientific  fubjedls,  have  increafed  the 
number  of  ufeful  difcoveries  to  fuch  a  degree,  as 
to  render  the  capacity  of  one  man  inadequate  to 
the  comprehenfion  of  the  whole  flock  of  know- 
ledge, and  much  lefs  able'  to  treat  of  all  the 
above-mentioned  fubjefts  in  a  full  and  complete 
manner.  Therefore,  under  the  title  of  Elements 
of  Natural  Philofophy,  we  mean  to  explain  the 

principles. 
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principles,  or  the  fouadation  of  all  thofc  various 
*    branches  of  knowledge,  which  <3epend   ypon  thp 
properties  of  natural  bodies ;  whence  the  ftudent 
may  obtain  a  competent  knowledge  pf  the  whole, 
and    particularly  of     the    admirable    connexion 
which  exifts  between^  them  all,  upon  which,  as 
upon  a   fteady   foundation,  he  may   extend  his 
knowledge  of  any  particular  branch,  which  his  in- 
clination or  his  profeffion  may  lead  him  to  adopt. 
'  Almoft  all  the  bodies  which  come  under  the 
cognizance  of  our  fenfes,  viz.  all  the  animals,  all 
the  vegetables,   and  almoft  all   the  minerals,  are 
compound  bodies ;  viz.  they  evidently  confift  of 
iubftances  differing  in  weighty  colour,  and  other 
properties,  which   may  be  fcparated  more  or  le& 
,    eafily  from  each  other ;  but  when  feparated  to  a 
certain  degree,   the  human  art  is  not  able  to  d^- 
compofe  them  any  farther.     Now  thofc  fubftanccs 
or  components  of  animal,  vegetable,  and  mineral 
bodies,  which  appear  of  a  uniform  nature,  and 
which,  at  prefent,  cannot  be  divided  into  more 
finiplc  fubftances,  muft  be  reckoned  elementary 
or  primitive,  until  a  mode  of  .decompofing  them 
be  difcovered.     Thus,  for  inftance,  water  was  for-  ' 
,merly  reckoned  an  elementary  fubftance  i  but  it 
has  been  of  late  years  difcovered,  that  it  confifts  of 
(forit  maybe  rcfulved  into,)  other  fubftances,  which 
poffefs  properties  very  different  from  each  other. 
Hence,  at  prefent,  water  is  no  longer  looked  upon 
.  as  an   elementary    fubftance.     It,   therefore,  na- 
turally 
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turally  appears  that  the  number  of  elements  muft 
have  been  always  fluduating,  and  that  it  is  likely 
to  continue  fo  for  ages  to  come,  fince  the  inge- 
nuity of  man  continually  difcovers  new  fubftances, 
and  at  Ihe  fame  time  finds  means  of  reducing  into 
limple  fubftances  feveral  fuch  bodies  as  had  be- 
fore pafled  for  iGmple,  primitive,  or  elementary. 
*  The  fcientific  perfons  of  the  prefent  time  ac- 
knowledge the  fubftances  of  tlie  following  lift,  as 
the  elements  or  components  of  all  animals,  vege- 
tables,  and  minerals;  yet  it  will  prefently  be 
(hewn  that  fome  of  thofe  elements  are  merely  hy- 
pothetical, and  that  they  have  been  admitted  as 
fuch,  by  reafoning  from  analogy  upon  other 
fads. 

Elementary  Substances: 


Light 

Radical  fuccinic 

Calorific,  or  caloric 

Radical  acetic 

The  Eleftric  fluid 

Radical  tartaric 

The  Magnet io^  fluid 

Radical  pyro-tartaric 

Oxygen 

Radical  oxalic 

Hydn^en 

Radical  gallic 

Azote 

Radical  citric 

Carbon 

Radical  malic 

Sulphur 

Radical  benzoic 

•Phofphofus 
^iR^ical  fnurf^tic 
'Radicit  boracic 
'lUdiCal  fluoric 

Radical  pyro-lignic 
Radical  pyro-mucic 
Radical  camphoric 
Radical  lactic 

• 

Radical 
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Radical  fach-Iadic 

1 
Zinc 

Radical  formic 

Iron 

Radical  PrufliC 

Tin 

Radical  febacic  ' 

Lead 

Radical  bombid 

Copper 

Radical  laccic 

Mercury 

Radical  fuberic 

Silver 

Radical  zoonic 

Platina 

Arfenic 

Gold 

Mollybdenite 

Silica 

Tungftcn 

Afgill 

Chrome 

Bar>'t 

Titanitc 

Strontian 

1 

Sylvanite 

Lime 

Uranite 

Magnefia 

Manganefe 

Jaigonia,  or  Zirgonia 

Nickel 

Pot-afli 

Cobalt 

Soda,  and 

Bifmuth 

Ammoniac 

Antimony 

The  firft  four  of  thofe  elements  may  with  pro- 
priety be  called  hypothetical.  Thefe  are  Lights  or 
that  fluid  which  renders  objedls  perceivable  by 
our  eyes  s  Caloric y  viz.  the  fluid  which  is  fuppofed 
to  produce  the  phenomena  of  heat,  or  to  affedt  us 
with  the  fcnfation  of  heat ;  the  EleSlric  Fluids 
which  is  fuppofed  to  produce  the  phenomena 
called  elepricaly  and  the  Magnetic  Fluids  to  which  . 
the  properties  of  the  magnet  are  attributed  ^  for, 

in 
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ia  fiid,  the  phenomeaa  which  &U  under  each  pi 
thofe  four  denominations,  are  only  Tuppofed  to  be 
the  efieds  qS  a  fin^  fluid  i  refpefting  the  nature  of 
which,  however,  various  c^nions  are  entertained. 

We  (hall  treat  at  Urge  of  tboie.  four  very  re< 
markable  natunJ  ^nti  in  the  third  part  of  this 
work;  yet  (bme  of  their  properties  muft  unavoid* 
ably  be  mentioned  in  treating  of  the  propertiesci 
all  the  other  demehtary  fubftances^  in  the  prefent 
part. 

With  refped  to  the  latter,  it  may  likewlfe  be 
obferved,  that  fome  of  them  are  only  fuppoled  to 
exift  from  analogy.  Thus  it  is  known  that  the 
fulphuric  acid  conlifts  of  fulphur  and  oxygen ;  for 
it  may  be  formed  by  comUning  thofe  two  fubftao* 
ces  together,,  and  it  may  be  reduced  into  thofe 
fubftances^  It  is  likewife  known,  and  for  the  like 
reafon,  that  the  carbonic  acid  conlifls  of  carbon 
and  oxygen ;  but  the  components  of  the  muriatic 
acid  are  not  known  with  certainty  i  y^  from  the 
analogy  of  other  acidi,  the  muriatic  add  is  fupi» 
pofed  to  confid  of  oxygen  joined  to  fomething 
elfe,  which  fomething  elfe  has  been  odled  the  bafc 
of  that  acid,,  or  the  ffmriatic  radical.  The  like  ob« 
fervation  may  be.applied  to  fome  other  radicals. 

The  knowledge  of  the)  esiftence  of  the  above- 
mentioned  elementary ,  fubftances,  excepting,  the 
firft  four,  has  been  acquired  by  theaftual  detom*^ 
pofition  of  animaU  vegetable^  and  mineiral  bodies^ 
fuch  as  are:  ufually  found!;,  and  likewife  by  the 
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adual  re-compofition  or  formation  oJF  fome  bodied' 
in  a  great  meafurc  fimilar  to  the  natural,  from 
a  combination  of  fome  of  the  elementary  fubftan- 
ccs.  The  art  of  decompofing  ftatur^l  bodies  i^ 
called  Analyjis\ — the  art  of  forming  iiolhpounds 
is  called  Synthefis ;  and  both  the  ^rt  of  analyfing, 
and  the  fynthetical  art,  together  with  the  know- 
ledge of  the  principal  fads  which  have  been  af- 
certained  by  thofe  means,  form  the  fcience  of 
Chemijlry. 

Having  thus  far  given  a  gerieralidea  of  all  the 
bodies,  which  ^either  are  knoWrf  to  exift,  or  are,  foi* 
verj'  llrong  reafons,  fuppofed  to  exift ;  I  (liall  now 
fubjoin  a  fliort  but  comprehenfive  view  of  their 
properties ;  and  (hall,  at  the  fame  time,  point  out 
the  order  in  which  the  particular  defcriptior.  of 
thofe  properties  will  be  arranged  in  the  following 
chapters* 

It  has  been  lliewn  m  the  firft  part  of  this  work, 
that,  matter  in  general  is  polfefled  of  extenfmiy  di- 
vifibillly^  impnetr ability i  mobility^  visinertiae^  and 
grai/itation. — Upon  the  mobility  and  the  vis  iner^ 
tiae  of  bodies,  the  extenfive  doftrine  of  motion  or 
the  mechanical  laws^  have  been  eftabliftied ;  but  that 
dodrine  cannot  be  fufficiently  elucidated,  unlefs 
it  be  particularly  adapted  to  each  of  the  three 
principal  ftatcs  of  bodies,  viz.  to  folids,  to  non* 
elaftic  fluids,  and  to  elaftic  fluids  j  therefore,  hav- 
ing already  explained  the  mechanical  laws  with 
refped  to  folids^  it  will  be  ncceflary,  in  the  next 

place, 
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plate,  to  treat  of  the  mechanical  properties  of 
lion-elaftic  fluids^  under  the  title  of  Hydrqfiatic5\ 
then  of  the  mechanical  properties  of  elaftic  fluids; 
under  the  title  of  Pneumatics ;  and  laflly,  of  the 
other  peculiar  pwoperties,  befides  the  meebanicaU 
which  belong  to  each  of  them>  \\t.  to  folid  and 
fluid)  to  Ample  and  to  compound,  bodies,  under 
the  title  of  Ckemiftry. 

The  properties  of  bodies  may  be  (aid  to  be  either 
of  a  pajjive  or  of  an  aSlive  nature^  The  former 
are  extenftouy  figure^  divtfibUHy^  impenetrability^  mo* 
bility^  vis  inert iae^  denjity  and  rarity^  hardnefsy  foft*-' 
nefs^  fluidity^  rigidity y flexibility ^  elafticity^  opacity ^  and 
tranfparency ;  which  have  been  fufBciently  defined 
in  the  preceding  pages,  and  will  be  farther  ex- 
plained in  the  following;  or  their  meaning  is  « 
commonly  too  well  known  to  require  any  particular 
definition.  The  latter,  or  thofe  of  an  aftive  nature, 
are  attraBion  and  repulfion* 

Befides  what  relates  to  light,  heat,  cleftricity, 
and  magnetifm,  there  are  four  forts  of  attraction, 
viz.  ift.  The  attradion  which  every  known  body 
has  towards  all  the  reft,  and  which  is  called  gravis 
lotion ;  2dly.  The  attradion  which  homogeneous  , . 
parts  of  matter  have  towards  each  other,  or  hf 
which  they  adhere  to  each  other,  and  which  is 
called  the  attraSlUm.  of  aggregation ;  and  fuch  is  the 
power  by  which  two  fmall  drops  of  quickfilvet, 
when  placed  contiguous  to  each  other,  rufh,  as  it 
were,  into  each  other,  and  form  a  fingle  drop  1 
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jdly.  The  attraSlion  of  cokejiott^  or  that  power  by 
which  the  heterogeneous  particles  of  bodies  adhere 
to  each  other  without  any  change  of  their  natural 
properties ;  fuch  as  the  adhefion  of  water  to  glafe, 
of  oil  to  iron,  &c  4thly.  The  attraffion  of  com- 
pojuion  or  of  afimiy^  which  is  the  tendency  that 
parts  of  heterogeneous  bodies  have  towards  each 
other,  by  which  they  -combine,  and  form  a  body, 
dtfifering  more  or  lefs  firom  any  of  its  components.* 

Repulfion  takes  place  either  between  the  ho- 
mogeneous^  or  between  the  heterogeneous',  parts  of 
bodies ;  but  the  exiflence  of  the  former  is  with 
^  great  reafon  much  doubted. 

It  is  remarkable  that  of  all  thofe  properties  we 
only  know  their  exiflence,  and  f<xne  of  the  laws 
under  which  they  aA ;  but  we  are  otherwife  ut- 
terly ignorant  of  their  nature  and  dependence. 
<^^»— I— ^———^p—— ^— —*———■     ■  I"       ■■— ^— II  ■  >■  ■» 

*  The  inveftigation  and  the  knowledge  of  this>laft  fort 
of 'attni£lion,  yor  affinity,  is  the  isoft  ufeful  and  extenfive, 
jt  being  the  foundation  of  chemiftry  and  of  various  arts. 
Its  invel^igation  is  likewise*  very  intricate,  for  it  is  different 
between  any  two  bodies  from  what  it  is  between  any  two 
others,  and  it  ituSuates  according  to  a  vaft  variety  of  cir- 
cumffances.  Thus,  for  inftaoce,  a  certain  body  A  has  a 
greater  tendency  to  mix  -vi^idl -another  body  B  in  a  particu- 
lar tcmperatttre,  than  in  any  another.  The  ftme  body  A 
baa  a  gbeater  affinity  to  another  body  B,  than  to  a.  third 
bodyC)  anditmayhayeni>  affinity  at  al),  or  even  a  repul-i* 
iSon,  towards  a  fourtb  body  IX  Yet^dMrnil)  and  C  are 
mixed  fo  as  to  form  one  coipp^nd  body,  iboi  A  may  hav^ 
an.affinity  tQ  that  compound. 
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CHAPTER    IL 


OP    HYDROSTATICS. 

ffYDROSTjiTICS  is  the  fcience  which  treats 
of  the  preflure  and  equilibrium  of  non* 
claftic  fluids  *;  Hydrodynamics  is  the  fcience  which 
.  treats  of  fluids  in  motion ;  and  Hydraulics  treats  of 
the  conftruftion  of  certain  machines  or  engines  in 
which  fluids  are  principally  concerned.  But  we 
(hall  now  treat  of  what  relates  to  non-elaftic  fluids, 
without  taking  any  farther  notice  of  thofe  nominal 

diftin6Uons»t 
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*  This  fcience  began  to  be  cultivated  by  the  great 
Archimedes*    . 

t  Water,  oil,  fpirit  of  wine,  and  other  fuch  fluids,  are 
iaid  to  he  non^glaftic^  or  nm-cwiprtJlibli^  not  becaufe  they  are 
abfolutely  fo;  but  becaufe  their  compreffibility  is  fo  very 
ffuall  as  to  make  no  fenfible  difference  in  our  calculations 
reladve  to  the  preiTures,  movements,  and  other  properties  of 
thole  fluids* 

The  ingenious  Mr,  Canton,  in  the  year  1761,'difcovered 
the  compreffibility  of  water,  of  oil,  &c.  in  the  following  man- 
ner* He  took  a  glafs  tub^  having  a  ball  at  one  end,  much  in 
the  (bape  of  a  thei:mometer  glafs;  filled  the  ball  and  part  of 
||)e  tu|>e  with  water,  which  had  been  deprived  of  air  as 
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A  ferfeSi  fluid  is  that  whofe  parts  may  be  moved 
from  each  other  by  the  leaft  force.  But  fuch  a 
fluid  is  not  to  be  foqnd ;  for  independent  of  its 
gravity,  or  weight,  or  tendency  towards  the  centre 
of  the  earth,  every  non-elaftic  fluid  is  pofleflfed  oi" 

the 
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much  as  it  was  poffible ;  then  placed  it  under  the  receiver 
of  an  air-pump,  and  on  exhaufling  the  receiver,  (viz.  on 
removing  the  prefTure  of  the  atmofphere  from  ovci^  the 
water  and  the  gla6  in  which  it  was  contained)  the  water 
rofe  a  litde  way  into  the  tube,  viz.  expanded  itfcjf.  And, 
on  the  contrary,  when  he  placed  the  apparatus  under  the 
receiver  of  a  condenfing  engine,  and  by  condenfing  the  air 
in  the  receiver,  increafed  the  prefllire  upon  the  water,  a 
diminution  of  bulk  took  place,  fer  the' w^ter  descended  a 
little  way  into  the  tube.  "  In  this  manner,*'  bi.fays^  **.I  hav« 
^  found  by  repeated  trials,  when  the  heat  of  the  air  has  been 
*<  about  50°,  and  the  mercury  at  a  mean  height  in  the  baro- 
^<  meter,  that  the  water  will  expand  an^  rife  in  the  tube  by 
<<  removing  the  weight  of  the  atmo^ere,  one  part  in 
^  21740;  and  will  be  as  much  compreflisd  under  the  weight 
^  of  an  additional  atmofphere.  Therefore  the  comprcffion 
^  of  water  by  twice  s  the  weight  gf  the  ;^tmofphere  is  one 
*<  part  in  10870." 

<«  Water  has  the  remarkable  property  of  being  more. 
<<  comprei&ble  in  winter  than  in  fummer,  which  is  contrary 
^  to  what  I  have  obferved  both  in  fpirit  of  wine  and  oil  of 
*  olives.'* 

Mr.  Canton  likewife  fubjeded  other  fluids  to  the  like 
experiments,  and  found  them  fufceptible  of  compreffion 
'  and  expanfion  in  the  following  proportions : 

Cx>mprel&on 
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the  attradion  of  aggregation  (viz*  of  the  mutual 
attradion  between  its  parts)  119  a  particular  de- 
gree ;  of  the  attradtion  of  cohefiod,  which  is  lik^wifc 
io  a  p^icular  degree,  towards  other  bodies,  and 
of   the  attradion   of   affinity^     Befides  which  a 
fort  of  obftruftion  or  want  of  perfedl  freedom  may 
|3e  oblerved  more  or  lels  in  all  fluids.     For  inr 
ftance,  a  fmall  drop  of  ;^^ter  placed  upon  a  dry 
And  clean  glafs  plate, .  does  not  aflumje  an  hori- 
zontal fi^rface,  but  remains  nearly  of  a  globular 
fqrqa ;   |jts  attradion  of  aggregation,  which  draws 
every  part  of  it  towards  iu  centre,  bei»g  greater 
^han   its  gravity;   and  its  attr^ion  of  cohefion 
towards  the  glaG  b^ng  jufi  fu£cient  to  let  the 
drop  adhere  to  the  gliafs,  when  thp  latter  is'tgrnid 
uplidedown.    But  if  the  drop  be  fpread  over  the 
furface  of  the  sla&,  then  the  film  of  water  will 
^here  to  the  glafs  with  greater  force,  nor  will  it 


of  fpirit  of  wine  66' 
of  oil  of  olives  -  48 
Compreffion  \  of  rain  water  -  -  46  ^  millionth  parts. 

of fea water    --40 
of  mercury  r  •  -    3_ 

Mr.  Canton  was  of  opinion  that  this  fmall  degree  of 
compreffibility  is  not  owing  to  die  compreffion  of  any 
air  which  might  be  lodged  wi^in  thpfe  fluids ;  for,  having 
caufed  a  quantity  of  water  to  imhib^  more  air  than  it  con* 
tained  in  a  preceding  trial,  he  f9und  that  its  compreffibility  was 
X)ox  thereby  increafcd.— Canton's  Papers  in  the  Phil.  Tranf. 
vpl.  52d  and  54th. 

04  '  recover 
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fccovcr  its  former  globnlar  form  ;  btcaufc  by  the 
Reading,  ks  particles  have  been  brought  nearer  to 
•tbegla^,  and  the  whole  drop  has  been  brought  int^ 
contaft  with  a  much  greater  furface  of  the  ^fs ; 
\>j  which  means  the  attraftion  of  cohefion,  or  at- 
tradion  towards  the  glafs,  has  been  rendered  much 
greater  than  the  mutual  attraction  between  the 
{)artides  of  water  (for  either  of  thofe  attraftions  is 
tncreafed  or  diminilhed  by  bringing  the  parts 
Bearer  to,  or  by  removing  them  farther  from  each 
other),  and  it  has  likewife  been  rendered  much 
greater  thaR  the  attraction  of  gravitation. 

If  the  fame  experiment  be  tried  with  a  fmall 
4rop  t!i  quitkfilver,  inflead  of  water,  this  alfo  will 
tSume  a  globular  form,  in  confequence  of  its 
mttraidion  of  a^regation  ;  and  it  will  adhere  to  the 
^afs,  if  the  latter  be  turned  upfide  down,  on  account 
irf'its  attradion  of  cdhefion.  But  It  will  t)e  found, 
impofiible  to  fpread  it  over  the  glais,  becaufe  its 
attraction  of  aggregation  is  much  greater  than  its 
attraction  of  cohefion  towards  the  g^afs. 

When  the  quantity  of  fluid  is  confiderable,  as  a 
cup  nearly  full  of  water,  then  the  attraction  of  co- 
Jiefion  is  much  fmaller  than  its  gravitation,  and  the 
great^fl:  part  of  the  fluid  lies  too  far  from  the  fides 
of  the  cup,  to  be  fenfibly  affeCted  by  its  attraction. 
Hence  the  furface  of  the  wutt^,  in  confequence  of 
its  gravitatioti,  (as  will  prefcntly  be  fhcwn)  will  be 
Iiorizontal,  excepting  that  part  of  it  which  lies  near 
the  fides  of  the  cup,  which  will  be  attracted,  and, 
*  afcencjing 
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tfccnding  a  certain  way,  will  drag  part  of  the  con- 
tiguous water  in  confequcnce  of  its  attradion  of 
aggregation,  fo  as  to  form  a  concave  furface.  On 
the  other  hand,  by  a  little  care,  more  water  may 
be  put  in  the  cup  than  its  abfolute  capacity,  or, 
fpeaking  more  juftly,  the  water  may  be  made  to 
projeft  above  the  edge  of  the  cup,  and  then  near 
the  edge  it  will  affume  a  furface  vifibly  convex ; 
it  being  prevented  from  falling  over  to  a  certain 
degree,  by  both  the  attraftion  of  aggregation,  and 
the  attraftion  towards  the  fides  of  the  cup. 

Thus  much  may  be  fufficient  to  (hew  that  both 
the  quicfcent  ftate  of  fluids,  and  their  movements^ 
are  influenced  by  a  variety  of  powers :  but  as  gra- 
vitation is  the  principal  afting  power,  when  the 
quantity  of  fluid  is  not  very  fmall,  we  ftiall  there- 
fore  proceed  to  ftate  and  to  explain  the  laws  of  hy<* 
droftatics,  upon  the  fuppofition  that  fluids  arei 
aftuated  only  by  the  powerof  gravity ;  for  we  (hall 
afterwards  endeavour  to  point  out  the  principal 
deviations  from  thofe  laws,  which  are  occafioned  by 
the  interference  *of  other  caufes. 

I  fhall  however  juft  mention,  previoufly  to  the 
ftatement  of  the  neceflary  propofitions,  that  thougl^ 
much  mention  is  made  of  the  particles  of  fluids. 
yet  by  this  expreflion  we  only  mean  indefinitely 
ffkiall  parcels  of  fluid ;  for  we  are  not  acquainted 
with  the  (hape  or  fixe  of  thofe  particles,  nor  indeed 
with  that  difpofition  which  renders  them  fo  very 
{rioveable  from  each  other*  Our  eyes,  either  nake4 
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or  when  affifted  by  (he  moft  powerful  microfcopes* 
cannot  difcover  any  component  particles  of  any 
fluid.  3ome  fmall  bodies  arc  indeed  to  be;  feen  in 
certain  natural  fluids,  as  in  bloody  milk,  &c,  >  but 
thofe  are  not  the  parts  which  conftitute  the  fluid; 
they  are  folid  or  compafi:  fmall  bodies,  which  fwina 
in,  or  are  mixed  with  the  fluid. 

Prcpofition  I.  Every  bodffy  or  Jyjiem  of  bodies^  en^ 
deavot^rs  to  dafcend  %vith  its  (entre  of  gravity  towards 
the  cenfre  of  the  earthy  and  th^t  as  ne^r  as  it  lies  in  its, 
power. 

The  truth  of  this  propofition  is  fully  manifefted 
by  all  that  has  been  already  faid  relatively  to 
the  centre  of  gravity,  and  tp  the  mechanical 
powers :  but  as  it  is  the  foundation  of  the  doi^rin^ 
of  hydroftaticsjit  will  b?  of  ufe  to  reader  it  ftill 
more  familiar  to  the  reader. 

Thus  if  a  folid  body  BD  (fig.  i.  Plate.X.)  be  lcf(: 
at  liberty,  it  will  fall  towards  the  groqnd,  and  if  i^ 
happen  to  hit  the  ground  with  one  end  B  firfl,  in 
the  oblique  dircftion  in  which  it  is  reprefented,  it 
will  not  remain  in  the  fituation  which  is  indicate^ 
by  the  dotted  rcprefentation,  but  it  will  fall  flat 
upon  the  ground,  as  at  BC;  for  in  that  flate  its 
centre  of  gravity  A  will  come  as  near  as  il  poflibJy 
can-to  the  ground,  fince  the  gravitating  power  will 
force  the  body  to  move  on  until  a  fufiicient  impe- 
diment is  interpofed  between  the  centre  of  the  Eartlj 
and  the  centre  of  gravity  of  the  body. 

Now 
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Now  imagine  that  the  above  mentioned  body  bq 
very  foft,  and  it  is  plain  that  if  the  cohefion  of  its 
parts  be  lefs  powerful  than  the  gravity  of  tbofe  par- 
ticles, the  body  will  jiot  remain  in  the  fituation 
ABC,  but  will  fpread  itfelf  very  flat  and  clofc 
to  the  flat  furface  of  the  ground,  in  order  that  its 
centre  of  gravity  may  come  as  near  as  poflible  to 
the  centre  of  the  earth. 

Farther,  let  the  body  AB,  (fig.  2.  Plate  X.)  con- 
fiding of  two  equal  balls  faftened  to  an  inflexible 
rod  AB,  be  placed  upon  the  fulcrum  D,  whilft  its 
centre  qf  gravity  isat'C,  viz.  in  the  middle  of  the 
rod  and  it  is  evident  that  the  end  B  will  defcend 
until  the  body  remains  in  the  fituation  of  the  dotted 
reprefentation  EG;  for  in  that  cafe  its  centre  of 
gravity  C  is  as  low  a&  the  obftacles  at  D  and'G  will 
permit  it  to  defcend. 

The  defcent  of  this  body  AB  may  be  prevented 
by  applying  a  band  or  fome  other  obflacle  at  F ; 
but  in  this  cafe  the  obfi:acle  at  F  will  fufier  a  pref- 
fure  upwards,  which  preflure  is  equal  to  the  excels 
of  the  momentum  of  the  end  B  above  the  mo- 
mentum of  the  end  A;  viz.  to  the  weight  of  B 
multiplied  by  BD,  minus  the  weight  of  A  multi- 
plied by  AD  5  for  if  that  difference  were  added  to 
the  end  A,  the  centre  of  gravity  would  then  be  re- 
moved from  C  to.D,  where  it  would  be  fupported 
by  the  fulcrum  D,  and  of  courfe  the  two  parts  of 
the  body  on  either  fide  of  D  would  balance  each 
other  i  fo  that  in  this  cafe  one  end  of  the  body 

preflTes 
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prcfles  upwards,  becaufc  the  greater  momentum  of 
the  other  end  tends  downwards ;  and  the  latter  can- 
not aft  without  producing  the  former. 

Propofition  II.  A  JluidwhUh  is  kept  in  dnyvejfel 
qpen  at  topj  will  acquire^  an  J  will  remain  atrefi  with^ 
a  flat  furf  ace  parallel  to  the  horizon^  as  long  as  it  is 

not  dijlurbed. 

This  is  a  natural  confequcnce  of  the  preceding 
principle ;  for  in  that  cafe  the  centre  of  gravity  of 
the  Auid  will  lie  as  low  as  it  poffibly  can.  Thus 
let  ABDC  (fig.  3.  Plate  X.)  reprefent  one  fide  of  a 
redapgular  veflcl  containing  water  as  high  as  EF, 
whpfe  centre  of  gravity  is  G ;  now  we  (hall  provt 
that  when  the  furfacc  of  the  water  is  flat  and  hori* 
zontal,  as  EF,  then  the  centre  of  gravity  of  tlic 
water  lies  lowed ;  but  that  if  the  water  be  elevated 
on  any  part  of  that  furface,  and  of  courfe  lowered 
on  any  other  part,  then  the  centre  of  gravity  will, 
be  remov^  to  fome  place  higher  than  G. 

Imagine  that  the  water  be  difpofed  in  the  fitua- 
tion  DKBC,  viz.  that  the  portion  KEH  be  re- 
moved to  the  place  BHF  j  and  in  this  cafe  the 
centre  of  gravity  L  of  the  quantity  of  water  KDH 
FC  remains  in  its  original  fituation,  whilft  the 
centre  of  gravity  of  the  quantity  of  water  KEH  has 
been  removed  higher,  viz.  from  I  toS.  Now  fince 
the  common  centre  of  gravity  of  two  bodies  is  in  a 
flraight  line  between  the  refpcdlive  centres  of  gra- 
vity of  thofe  bodies  j  therefore,  the  common  centre 
of  gravity  of  both  the  quantities  of  water  formerly 

aood 
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ftood  at  G  in  the  line  I S  3  whereas  it  now  (lands  at 
O  in  the  line  LS,  viz.  evidently  higher  than  the 
level  qS  G,  which  is  the  line  zr. 

This  icafoning,  which  has,  for  the  fake  of  bre- 
vity, been  applied  to  one  fide  of  the  vefTel,  may 
be  ea^  ads^ted  to  any  fedion  of  the  water  and 
veflely  as  alfo  to  veflels  of  any  ihape,  and  to  any 
irregularity  which  the  furface  of  the  water  may 
be  fuj^ioied  to  acquire ;  for  in  any  cafe  the  con- 
cluiion  is  eza6kly  the  fame,  namely,  that  the 
centre  of  gravity  rf  a  given  quantity  of  fome 
uiufonn  fluid,  like  water,  which  is  contained  in 

^  an  open  veflcl  of  any  ihapc,  ftands  at  the  loweft 
poflible  fituation,- when. the  whole  furface  of  the 
fluid  is  in  the  fame  horizontal  line.         ^ 

It  is  an  evident  confequence  of  this  propofition, 
that  if  a  vejfel  cwifift  of  two  pipes  perpendicular  to 

.  the  horizon^  and  open  at  top ^  as  in  jig.  4.  Plate  X^ 
wr  if  it  confift  of  various  pipes  communicating  with  each 
QthcTy  (kowfoever  they  may  be  inclined  to  the  horizon^ 
kut  open  at,  top),  as  in  Jig.  5.  Plate  X.  and  a  quan- 
tity of  water ^  or  of  other  fluid,  be  poured  into  any 
of  them,  the  water  will  rife  to  the  fame,  horizontal 
iini  or  level  in  all  the  pipes  which  cmnmmiicate  as 
above ;  for  in  that  cafe  only  the  Centre  of  gravity 
of  the  whole  quantity  of  water  will  lie  as  low  as 
the  veflel  can  admit  of. 

Thofe  perfons  who  may  think  it  flrange  that 
the  fluid  going  down  one  pipe  (hould  drive  a  part 
fif  the  fluid  upwards  in  the  other  pipe,  mufl  con- 
fide! 


m 
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(Tdcr  that  this  is  analogous  to  the  prcffurc  upvvardi 
oif  the  folid,  fig.  a,  Plate  X.  as  explained  in  pagb 
27;  viz,  the  fluid  is  driven  upwards  in  one  pipe^ 
in  order  that  the  greater  quantity  of  fluid  in  the 
oiher  pipe  ifaay  deftend  lower  down.* 

Eropo^ 


jtt..^ 


^  Though  the  application  of  prop.  2d.  to  the  above-men- 
tfoned  cafe  of  pipes,  &c.  be  very  obvious ;  yet  to  prevent 
any  pofltblc  difficulty  iit  the  mind  of  the  novice,  I  (ball 
inftanCe  it  in  the  cafe  of  fig.  4.  by  which  example  the  at* 
tentive  reader  may  be  fully  enabled  to  apply  it  to  any  other 
cafe. 

Gi)  and  FC  re^efent  two  equal  cylindrical  pipes  open 
at  top,  comiViUnicating  with  ea^  other  at  the  bottom,  and 
Containing  water  as  high  as  AB ;  the  height  AD,  or  BC, 
being  10  feet;  it  is  evident  that  the  centre  of  gravity  of 
all  the  water  which  is  contained  in  thofe  pipes  muft  be 
at  K,  viz.  five  feet  above  DC,  and  midway  between  the 
two  pipes ;  whilft  the  centre  of  gravity  of  the  water  in 
each  pipe  is  at  Y  and  !Z  refpeftivcly.  Now  fuppofe  it 
poflible  to  remove  two  feet  height  of  water  from  the  pipe 
GD  into  the  pipe  FC  ;  then,  becaufe  the  pUlar  of  water 
DE  which  remains  in  the  pipe  GD,  is  eight  feet  high,  its 
centre  of  gravity  muft  be  at  S,  4  feet  above  D ;  and  be- 
caufe the  pillar  of  vratcr  CF  in  the  other  pipe  now  is  12 
feet  high,  its  centre  of  gravity  T  muft  be  fix  feet  above  C ; 
fo  that  the  centre  of  gravity  of  the  water  in  GD  has  been 
lowered  as  much  as  the  centre  of  gravity  of  the  water  in 
FC  has  been  elevated ;  hence  the  ftraight  line  ST  muft 
pafs  through  the  point  K,  which  is  the  common  centre  of 
gravity  of  both  the  pillars  of  water  when  they  were  equal. 
2  But 
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■  Propofitidn  III.  57;^  prejjiire  of  the  fame  fluid 
is  in  the  proportion  of  its  perpotdicular  height^  and  is 
ixerted  in  every  direction.  So  that  oil  parts  of  the 
fame  fluids  at  the  fame  depths  prefs  each  other  with 
iqualforci  in  every  diredlidn. 

In^fig.  5,  Plate  X.  it  is  evident  that  the  quan- 
tities (tf  water  in  the  different  pipes  prefs  equally 
againft  each  other;  for  if  a  quantity  of  water  be 
removed  fronl  atiy  one  of  thofe  pipes,  the  furface 
6f  the  water  will  defcend  to  a  lower  level  in  all  the 
other  pipes;  and  that  the  preflure  is  exerted 
equally  in  every  direftion  is  prbved  by  obferving 
that,  however  the  |!>ipes  are  coanefted  at  B,  the 
water  rifes  to  the  fame  level  in  them  all. 

In  order  to  prove,  that  the,  preflure  is  exadly 
proportional  to  the  perpend ieular  height  of  the 
water,  let  ABE,  GHD,  be  (fig.  6.  Plate  X.)  two  cy- 
lindrical  pipes  of  equal  diameter,  fituated  perpen- 
dicular to  the  horiz^on  j  and  let  them  contain  equal 
quantities  of  water,  which  of   courfe   mufl  be 


But  now  the  c)uantity  of  water  CF  is  to,  the  quantity  of  water 
ED,  as  12  to  8,  or^  3  to  1  j  therefore  (fee  p.  75.  Vol.  I.) 
the  4iftance  of  their  common  centre  of  gravity  O  from  S, 
muft  be  to  its  diftance  from  T^  as  3  to  2,  viz.  it  muft  be 
nearer  to  T  than  to  S,  or  nearer  to  T  than  the  point  K  is ; 
for  K  is  midway  between  S  and  T  ;  therefore,  by  remov* 
ing  part  of  the  water  from  one  pipe  to  the  other,  the  centre 
of  gravity  of  the  whole  has  been  raifed ;  hence  that  centre 
of  gravity  lies  loweft  when  the  furface  of  the  water  in 
both  pipes  is  in  the  lame  level,  or  horizontal  line,  AB, 

equally 
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cqxuUy  high  in  both  pipes,  viz.  AB  equ^  to  CD; 
and  the  prcffures  on.  the  bottoms  BE,  ED  muft 
evidently  be  equal.  Now  let  the  water  AFBE  be 
poured  into  the  other  pipe,  where  it  will  occupy  the 
Ipace  GHFC,  fo  as  to  make  the  whole  perpen- 
dicular height  HD  double  the  height  CD,  And 
it  is  alfo  evident  that  the  quantity  of  water  GHFC 
muft  prefs  as  much  upon  the  furiface  of  the  water 
FCED,  as  It  did  upon  the  bottom  BE  ^  therefore 
the  preffurc  on  the  bottom  ED  is  now  double  of 
what  it  \^^is  before,  viz.  a  double  [:>erpendicular 
height  occafions  a  double  prefTure.  In  the  fame 
man  net  it  is  proved  that  a  treble  perpendicular 
height  occafions  a  treble  prcffure ;  or,  univer{allyt 
that  the  prefllire  is  as  the '  perpendicular  height. 
And  the  fame  thing  is  evidently  true  with  refpcdt 
to  any  other  uniform  fluid. 

Notwithftanding  the  evidence  rf  this  demon- 
ftration,  fome  of  my  readers  may  ftill  wonder  that 
a  (mall  quantity  of  water,  fuch  as  is  contained  in 
the  pipe  AB,  (fig.  7.  Plate  X.)  fliould  balance  the 
large  quantity  of  water  in  the  pipe  DC ;  and  to 
thofe  it  may  be  of  ufe  'to  fee  this  property  ex- 
hibited  in  another  light. 

Suppofc  then  that  the  capacity  of  the  cylindri- 
cal veflcl  £DC  be  equal  to  100  times  the  capa- 
city of  the  Qther  cylindrical  veflcl  AFB,  Now  if 
the  water  were  to  rife  one  inch  above  ED  in  the 
large  veflel,  it  is  evident  that  it  would  neceflarily 
fall  100  inches  below  AF  in  the  finall  veflTel;  fo 

that 
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that  the  fpaces,  through  which  thofe  two  quantities 
of  wat^r  move,  or  their  velocities,  are  invcrfely 
as  their  quantities,  or  their  weights :  hence  their 
xnomentums  are  equal,  and  of  courfe  they  balance 
each  other,  in  the  fame  manner  as  the  two 
^«£iglltS-B--and  Z  of  fig.  8/  Plate  X.  balance  each 
other,  when  the  arms  of  the  rod  on  either  fide  of 
the  prop  S  are  inverfely  as  the  weights. 

It  is  an  evident  confequence  of  this  propofitioq,  ' 
that  the  prejfure  on  any  determhied  part  of  the  bottom ^^ 
or  of  the  fides  i  of  any  vejfel  containing  a  uniform  fluids 
like  wate)'^  is  equal  to  the  weight  of  a  pillar  of  that 
jluid  having  a  bafe  etpial  to  that  part  of  the  bottom^ 
or  fidey  and  the  altitude  equal  to  the  perpendicular . 
height  of  the  fluid  above  it. 

Whence  we  may  calculate  the  preffures  upon, 
and  of  courfe  the  ftrength  required  for,  dams, 
pens,  citterns,  aquedufts,  dikes,  flood-gates,  &c.  ( i .) 

•    Before 


(i.)  The  practical  application  of  this  corollary  to  fuch  fur-^^ 
faces  as  are  parallel  to  the  upper  furface  of  the  fluid,  is  eafy  ' 
and  obvious  \  for  ire  need  only  multiply  the  given  furfiace 
by  the  perpendicular  altitude  of  the  fluid  above  it.  Thus  if 
it  be  required  to  determine  the  preflure  upon  two  fquare 
feet  of  the  flat  bottom  of  a  veiicl  which  contains  three  feet 
perpendicular  depth  of  water,  we  multiply  2  feet  by  3,  and 
the  produd  is  6 ;  viz.  the  propofed  part  of  the  bottom 
fuftains  a  preflure  equal  to  the  weight  of  Ax  cubic  feet  of 
water;  but  one  cubic  foot  of  water  weighs«bout  1000  avoir- 
TOL.  lu  p  '       dupoife 
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Before  we  proceed  any  farther,  it  is  neceflary  to 
obferve,  that  the  furface  of  the  water,  or  of  any 
other  fluid,  ,has  been  faid  to  aflume  a  flat  horizon* 
tal  furface,  or  to  come  to  the  fame  horizontal  line, 

in 


dupoife  ounces ;  dierefoi^e  the  above*tDentioncd  preflUre  is 
equal  to  ^ooo  ounces,  or  to  375  pounds. 

But  the  application  of  it  to  oblique  or  curve  iurfaces  is  not 
equaHy  obvious ;  for  every  point  of  fuch  furfaces  is  at  a 
different  diftance  from  the  upper  furface  of  the  fluid :  we 
fliall,  therefore,  endearour  to  elucidate  it  in  a  more  par- 
ticular manner ;  and  for  this  purpose  it  will  be  neceflary 
to  premiie  the  following  proportion,  which  is  demonftrated 
in  aneafy  and  perfpicuous  manner^  as  given  by  Mr.  Cotes 
in  hb  Hydroftatical  LeAures. 

If  any  indefinitely  faiall part  or  point  of  afurfaa^  or  num^ 
hit  of  Jurfacei^  he  multlpUed  by  its  perpendicular  dijlanu 
from  any  given  plane ;  thefum  of  the  produSfs  will  be  equal 
to  tbo  produ£l  of  the  whole  furface^  or  number  of  furfaces^ 
multiplied  by  the  perpendicular  dijlance  of  the  centre  of  gra^ 
vity  of  the  fingle  furface^  or  of  the  common  centre  of  gravity 
of  the  whole  number  of  furfaces  y  from  the  fame  plant. 

In  fig.  17.  Plate  X.  let  any  number  of  quantuies  a^  ^, 
r,  d;  rcprcfisot  as  many  weights,  hanging  at  their  centres  of 
gravity,  tf,  A,  r,  d^  by  the  lines  ao^  boy  cOy  do^  fixed  to  any 
horizontal  plane  Oj  OyO^oi  and  let  z  be  the  common  centre 
of  gravity  of  aH  the  weights,  and  zo  its  perpendicular  dif- 
tince  from  that  plane :    I  6y  that  axao-^-bxboi-cXco 


•  m* 


-i-dxdo^  a'\'b'\'C'\'dxzo. 

Por  let  the  conimon  centre  of  gravity  of  the  weights 
a)  by  be  the  point  x^  and  to  the  line  xo^  drawn  parallel  to  the 

reft> 
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ib  fiich  pipes  as  communicate  together,  on  the 
fijppofition  that  the  force  of  gravity  afts  in  the 
dire<%ion  of  parallel  lines ;  and'  fuch  appears  to  be 
the  cafe  with  fmall  furfaces  of  water,  as  for  in- 

flance. 


reft,  let  am  and  bn  be  perpendiculars*  Then  by  the  fimilar 
triangles mxa^  nxby  we  hare  mx  :  nx\i  (xa  i  xhw  )  h\a^ 
by  the  known  property  of  a  centre  of  gravity.    Hence 

axmx':=,h%nxy  or  ax  mo  ^^xQ^bXxQ'^no^  or,  axmo^^ 

axxozztxxo-^ixno:  whence  axmo+bxno  n  a-ti 
^x$;  which  was  to  be  proved  in  the  fimpleft  cafe  of  ihe 
propofitiofi* 

Now  let  a  weight  x^a+b^  be  fufpended  by  a  line  jr^,  in 
the  common  centre  of  gravity  of  a  and  b ;  and  likewife  a 
weight  yzzx+c^  in  the  common  centre  of  gravity  of  x  and  c ; 
and  alfo  a  weight  z  =:jr + df  in  the  common  centre  of  gravity 
of  y  and  d:  Then  x  is  the  common  centre  of  gravity  of 
all  the  weights  a^bj  r,  Jy  firft  propofed* 

Confequendy,  by  what  has  been  proved  in  die  firft  cafe, 
wehsLVtaxao+bxbo:pxxxoizndUkewikxxxo+cXcfi^ 
yxjoi  and  likewife  yXyo+dxdezzzXzo:  conCsqucntly^ 
axa9+bxbo+cX  cffzzy  xyo ;  and  likewife  axad  +  bx  bc+ 

cXco+dxdozzfzXZi^Ja^iT+c+dXxoi  which  wag  to 
be  proved. 

{fence  if  a  furface  or  number  of  furfiices  of  any  kind  ba 
confidered  as  equally  ponderous  in  every  equal  part,  and  af 
divided  into  indefinitely  fmall  parts,  fufpended  by  lines 
drawn  from  their  centres  perpendicularly  to  any  horizontal 
plane^  it  is  manifeft  that  if  every  part  be  multiplied  refpec« 
tively  into  its  perpendicular  line,  the  fum  o(  the  produds . 
will  be  equal  to  the  produA  of  the  whole  furface  multiplied 

D  %  into 
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ftatice,  a  fmall  pond,  a  ciftern,  &c.  But  fince  tlie* 
force  of  gravity  tends  to  the  centre  of  tlie  Earth, 
every  point  of  the  furface  of  the  water,  or  of  any 
other  fluid,  when  quiefcent,  thiaft  be  equidiftant  from 

that 


into  the  perpendicular  di (lance  of  its  centre  of  gravity  from 
the  iaid  plane ;  and  that  this  equality  of  the  produces  wilL 
ilibiift  even  if  the  faid  lines  be  perpendicular  to  anyplane, 
though  ni)t  parallel  to  the  horizon. 

Tliis  being  premifcd,  the  method  of  determining  the 
pi^efTure  of  a  fluid  upon  any  given  furface  becomes  evident 

'  and  general ;  for  confidering  the  upper  furface  of  the  fluid 
as  the  above-mentioned  plane,  in  the  firft  place  we  find  the 
area  of  the  given  furface  (by  common  menfuration) ;  fe- 
condly,  we  find  the  ccntie  of  gravity  of  the  fame  (by  the 
rules  of  chap.  VI.  P.  I.):  then-multiply  the  area  of  the  given 
furface  by  the  perpendicular  diftance  of  its  centre  of  gra- 
vity from  the  furface  of  the  fluid,  and  the  produ£l  vvill 
exprefs  the  prcfiurc.  Thus  the  prefliire  on  the  furface  of 
4n  hemifphcrical  vcflcl  full  uf  water,  is  equal  ro  the  pro- 
dndl  of  its  furfjcc  multiplied  by  its  radius, 

7'hus  alfo  the  prefTure  upon  the  fide  ABCD  of  the- 
rc^u  igular  veflel,  fig.  1.8.  PJate  X.;  full  of  water,  is  equal 
to  the  produ<a  of  the  area  ABCD  multiplied  by  half  the 
depth  of  the  water;  viz.  by  che  diftance  of  the  centre  of 
gravity  E  of  the  propofed  furface  froih  the  furfaCe  of  the 
Wa.er 

It  appears  from  what  has  been  faid  above,  that  the  pref- 
fure  of  a  iupc-rincumbcnt  fluid  on  the  fide  of  a  vefTel,  or,  in 
ge  .tral,  on  any  furface  which  is  not  parallel' to  the  furface 

'  of  the  fluiii,  muft  be  unequally  di drib utcd' over  it.  Thus, 
fcJr  iuffaikei  if  through  the  centre  of  gravit'y  E  of  tloe  fide 
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that  centre:  hence  that  fluid  muft  aflume  a  fphe- 
roidical  furfaccj  like  that  of  the  Earth;  and  this 
•curvature  is'  60th  vifiblc  and  meafurable  in  large 
furfaces  of  water,  as  that  of  the  fca. 

Since 


A  BCD,  fig.  18.  Plate  X,  aB  horizontal  jine  be  drawn, 
which  divides  that  fide  into  two  equal  parts  j  it  is  evident 
that  the  preflTure  on  the  lower  half  is  greater  than  the  pref- 
•fure  dn  the  upper  half,  becaufe  the  former  lies  deeper  into 
the  water.  Therefore  there  muft  be  an  horizontal  line' 
lower  than  the  middle  E,  which  divides  the  fide  ABCD 
into.two  fuch  unequal  parts,  as  that  the  preflure  of  the  fluid  - 
■upon  one  of  thofe  part^  be  equal  to  the  preflure  of  the  fluid 
upon  the  other.  Hence  if  the  whole  preflure  of  the  fluid 
were  collefled  upon  that  line,  it  would  have  the  faijic  effxrfl: 
upon  the  plane,  as  when  it  was  diflributeJ  unequally  upon 
It. 

It  may  be  like  wife  eafily  conceived,  that  in  the  laft  men- 
tioned line  there  muft  be  a  point,  in  which  if  the  whole 
preflure  were  colleflcdj  it  wbuld  have  the  fame  effeft  upon 
the  plane  as  when  the  preflure  was  unequally  diftributed  all 
over  it. 

It  follows,  that  if  exaftly  againft  that  point,  but  <yci  the 
oppofite  fide  of  the  plane,  a  force  be  applied  equal  to  the 
whole  preflure  of  the  fluid  upon  that  plane,  this  force  would 
cxaiSHy  counteract  that  preflure,  and  the  plane  would  remain 
perfeaiy  at  reft,  viz.  it  would  not  incline  to  any  fide.  Now 
that  point  in  any  furface  is  called  the  centre  of  preffiire  of 
that  furface^  and  may  be  inveftigated  by  means  of  a'fluxion- 
ary  calculation.  But  for  this  invcftigation,  which  goes  rather 
beyond  the  litnics  of  an  elementary  treatifc,  I  muft  refer  rny 

D  3  inquifitive 
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Since  fluids  prefs  in  every  diredion^  aiid  thait 
preflure  is  as  their  perpendicular  heights ;  therefore^ 
at  the  fame  depths  the  particles  of  the  fluid  prefs 
equally  :^in(l  each  other.  Alfo,  fince  equal  bulks 
of  a  uniform  fluid  are  of  equal  weight,  therefore  no 
motion  can  take  place  in  a  fluid  without  fome  ex- 
ternal caufe  \  but  if  one  parcel  of  the  fluid  becomes 
lighter  or  heavier  than  the  reft,  then  that  portion 
will  afcend  or  defcend  in  the  fluid,  giving  way  to 
Other  parcels  of  the  fluid  that  are  heavier  or  lighter 
than  itfelf« 

When  the  bottom»  or  one  fide  of  a  veflel  full  of 


inquifitivc  readers  to  the  works  of  other  writers.    It  is 
neceflary  however  to  add  the  following  obfervations.    ' 

In  this  cafe  the  planei  which  fuftains  the  preflure  of  the 
fluid,  isTuppofed  to  be  an  inflexible  plane,  or  the  furiace  of  a 
very  fubftantial  Iblid  \  for  if  the  plane  be  the  thin  fide  of  a 
veflel,  or  any  other  very  flexible  fubftance,  the  prefigure  col-> 
l^ed  in  pne  point  would  not  produce  the  iame  effe6l  a^ 
wheii  it  is  diflributed  over  the  whole  plane^  It  may  be 
fuftained  in  the  latter  cafe,  whereas  it  might  bend  or  burft 
the  plane  in  the  former. 

Various  writers  have  concluded,  that  if  a  plane  immerfed 
in  a  fluid  be  fuppofed  to  be  extended  until  i(  cuts  the  fur- 
face  of  the  fluid,  and  if  that  fe£tion  be  confidered  as  the 
axis  of  motion  of  a  pendulum  whofe  bob,  or  fufpended 
body,  is  the  propofkl  plane;  the  centre  of  ofcillation  oJF 
fuch  a  pendulum  coincides  with  the  centre  of  preflure  of 
that  plane.  But  ProfeflS>r  Vince  fliews,  in  his  principles  of 
bydroftatics,  Scft.  I.  Prop.  XII.  that  thofc  points  feldoin 

coincidet 

fluid 


0 
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ftiid  is  heated)  the  fluid  which  is  contiguous  to  the 
heat,  b  thereby  rarefied»  viz.  its  bulk  becomes  enlar^ 
ged,  and  of  courfe  it  becomes  lighter  than  an  equal 
bulk  of  the  fame  fluid  which  is  not  fo  rarefied ;  hence 
it  afcends  in  it,  &c.— And  this  is  the  caufe  of  the 
motion  which  takes  place  in  fluids  that  are  heating 
or  boiling. 

The  famr  thing  which  has  been  faid  of  fluids  in 
fluids,  or  of  the  parcels  of  a  fluid,  is  applicable  to 
fblids,  viz.  a  folid  at  any  depth  is  prefled  in  propor« 
tion  to  the  perpendicular  altitude  of  the  fluid  over 
it ;  but  as  that  preflure  a&s  on  every  fide,  the  body 
wiU  not  afcend  nor  defqend  in  the  fluid,  unlefs  its 
weight  is  fmaller  or  greater  tlian  that  of  an  equal 
bulk  of  the  furrounding  fluid. 

If  the  immerfed  body  be  compreflible,  fuch  as  a 
bladder  full  of  air,  then  the  prefliire  of  the  fuper- 
incumbent  fluid,  according  to  its  perpendicular 
height,  will  be  rendered  manifcft;  for  the  deeper 
the  body  is  conveyed,  the  more  will  its  bulk  be 
contradled.* 

If 


•  Sailors  at  Tea  firequendy  (hew  the  following  experi- 
ment :  T&ey  cork  an  empty  bottle,  (viz.  a  bottle  full  of 
air),  tie  it  to  a  rope,  to  which  is  added  a  leaden  weight, 
and  let  the  whole  down  into  the  fea  to  a  certain  depth ; 
they  then  pull  up  the  apparatus,  and  generally  find  that 
either  the  cork  is  driven  into  the  botde,  or  die  bottle  ts 
broken.  But  if  the  experiment  be  tried  with  a  bottle  full 
gf  water,  or  of  wine,  and  coiked  as  before^  no  alceradon 

p  4  wiU 
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If,  when  a  folid  is  immerfed  in  a  fluid,  the  prcflure 
of  the  fluid  on  one  fide  of  the  body  be  prevented, 
then'  the  prefigure  on  the  other  fides  of  it  will  be 
rendered  manifefl;.  and  by  this  means  a  body 
actually  heavier  than  an  equal  bulk  of  water,  may 
be  caufcd  to  be  preflfed  upwards  by  the  water  >  and, 
on  the  other  hand,  a  body  aftually  lighter  than  an 
equal  bulk  of  water  may  be  caufed  to  be  pjefl^ed 
downwards  by  the  water. 

Take  a  glafs  tube  about  i8  inches  long,  as  AB 
fig.  20.  Plate  X.  open  at  both  ends,  and  let  its 
lower  end.  be  ground  quite  flat  and  fmooth.  Let  a 
brafs  plate  C,  a  Uttle  larger  than  the  diameter  of 
^he  tube,  be  ground  likewife  very  flat,  and  fix  a 
little  hook  to  its  middle,  to  which  a  flring  D^  mufl: 
be  tied.  Place  the  brafs  plate  againfl:  the  aperture 
of  the  tube,  and  by  pulling  the  ftring  at  D,  keep 

the 


will  take  place.  This  difference  of  efFeA  is  owing  to  the 
lH)tde  being  full  of  a  compref&ble  fluid  in  the  former  cafe, 
and  of  a,  non-comprefTible  fluid  in  the  latter. 

At  the  depth  of  32  k%t  below  the  A*rfece  ef  the  fea, 
a  diver  has  been  calculated  to  be  preflTed  with  the  weight  of 
about  aSooo  avoirdupoife  pounds  \  yet  a^  that  prcflure  is 
diftributed  all  over  his  body,  and  the  human  body  conTifls 
moflly  of  non-elafljc  fluids  or  of  folids,  he  does  not  feel  any 
remarkable  inconvenience  from  it.— This  prcflure  is  calcu-^ 
lated  in  the  following  manner. 

The(ur£iceof  the  body  of  a  middle  fized  manis  reckoned 

equal  to  about  14  fquare  fect^  therefore  a  diver  Atuated  32 

9  feet 
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the  plate  tight  againft  the  tube;  In  this  Situation 
immerge  the  tube  in  the  water,  until  the  plate  is 
below  the  furface  to  the  depth  of  more  than  8  or 
10  limes  its  thicknefs.  Then.  If  the  ftring  be  let 
go,  the  plate  will  not  fall  off,  but  will  remain 
adhering  tp  the  glafs  tube;  the  reafon  of  which  isj 
that  now  the  water  preffes  only  againft  the  under 
part  <£  the  brafs  plate.  And,  in  faft,  if  water  he 
poured  into  the  tube,  then  the  plate  will  be  imme- 
diately feparated  from  the  tube,  and  will  fall  to  the 
bottoiTi  of  the  veffel  EF. 

A  brafs  plate  ac^  fig.  21.  Plate  X.  very  flat  and 
fmooth,  muft  be  cemented  to  the  bottom  of  a  veflH 
EF;  a  fimrlar  fmooth  brafs  plate,  to  which  a  large 
cork  is  cemented  (o  as  to  form  a  compound  bbdy 
lighter  than  an  equal  bulk  of  water,  muft  be  laiS 
upon  the  farmer  plate,  and  in  very  clofe  contaft  witk 


-  • 

feet  below  the  furEice  of  the  fea  is  p'refTed  by  a  pillar  of 
water  whofe  bafe  is  14  fquare  feet,  and  altitude  32  feet.  Now 
fuch  a  pillar  contains  ( 14  x  32=)  448  cubic  feet  of  water, 
and  as  acubrc  foot  of  water  weighs  about  1000  avoirdupoife 
ounces;  therefore  the  weight  of  fuch  a  pillar  is  (44S  X  1000 
n)  448000  ounces,  or  28000  avoirdupoife  pounds. 

In  this  calculation  the  furface  of  the  b6dy  of  the  direr 
has  been  confidfred  as  being  all  at  an  equal  diflance  from 
the  furlace  of  the  fea,  which  is  not  really  the  cafe :  but  at 
the  depth  of  32  feet  the  difference  of  perpendicular  diilance 
of  the  various  parts  of  the  body  is  not  confiderable ;  fo  that 
the  refiilt  of  the  calculation  is  very  near  the  truth,  efpccially 
if  the  depth  be  reckoned  from  the  ipiddle  of  the  body. 


i  ^ 
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li.  Then  by  applying  a  hand,  oraftick  to  the  upp^ 
part  of  the  cork^  keep  it  down  until  the  veflel  £F 
be  filled  wkh  water.  This  done,  remove  the  hand 
or  dick  from  over  the  cork,  and  it  will  be  found 
that,  though  fpecifically  lighter  than  water,  the 
irork  and  biiafs  plate  will  not  afcend  to  the  furfaee 
of  the  water.  The  reafbn  of  which  is,  that  the 
water  cannot  in  this  cafe  prefs  on  the  lower  furfaee 
of  that  brafs  plate.  And  in  faft,  if  by  means  of  the 
dick  or  hand,  the  upper  brafs  plate  be  feparated  a 
little  from  the  lower  one,  fo  that  the  water  may 
enter  between  them,  then  the  upper  plate  witb  the 
cork  will  immediately  afcend  to  the  fur&ce  of  the 
water. 

Propofition  IV.     JVhen  fluids  of  different  fpeafic 

grdvities  mutually  *prefs  againjl  each  taker ^  their  fur  ^ 

faces  cannot  lie  in  the  fame  level -^  but  their  perpendi^ 

eular  altitudes  above  the  level  of  their  junction  are 

inverfely  as  their  fpecific  gravities. 

The  weights  of  equal  bulks  of  different  bodies 
are  called  their  fpecific  gravities^  or  their  relative 
weights.  Thus,  for  inffance,  if  you  fill  a  veffd 
with  water,  and  weigh  it ;  then  remove  the  water, 
fill  it  equally  full  with  quickfilver  and  weigh  it 
again,  you  will  find  it  to  weigh  in  the  latter  cafe 
14  times  as  much  as  it  weighed  in  the  former*  r 
therefore  the  fpecific  gravity  of  quickfilver  is  faid  to 


•  14  is  rather  greater  than  the  truth.    The  real  weight 
will  be  fbewa  hereafter. 

be 
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be  14,  whilft  the  fpecific  gravity  of  water  is  faid  to 
be. one;  and  fo  of  the  reft.  Hence  the  weights  . 
of  bodies,  or  their  abfolute  weights j  are  exprefled  by 
the  products  of  their  bulks  multiplied  by  their 
refpcftive  fpecific  gravities ;  for,  in  the  above-men- 
tioned inftance,  if  the  weight  of  quickfilver  is  14 
pounds,  when  that  of  an  equal  bulk  of  water  is 
one  pound,  it  follows  that  4  times  that  bulk  of 
quickfilver  muft  weigh  4  times  14,  or  56  pounds  ; 
that  10  times  that  bulk  of  quickfilver  mufl:  weigh 
140  pounds  ;  that  twice  that  bulk  of  water  muft 
weigh  twice  one,  viz.  2  pounds ;  and  fo  forth* 

Now  let  the  part  ECDF  of  the  cylindrical  bent 
tube,  fig.  9.  Plate  X.  be  filled  with  quickfilver, 
the  furface  of  which  will  come  to  the  fame  level 
EF  in  both  legs.  Then  fuppofe  that  one  inch 
height  6f  quickfilver,  viz.  GE^  be  removed  from 
the  pipe  CS,  and  that  inftcad  of  it  fourteen  in^ 
chesof  water,  viz.  GS,  be  added;  it  is  evident 
that  fince  quickfilver  is  fourteen  times  as  heavy  as 
water,  the  perpendicular  pillar  of  water  G  S  muft 
prefi  upon  the  furface  of  the  quickfilver  GV,  as 
much  as  the  perpendicular  pillar  of  quickfilver 
EG :  hence  the  jXTsflTure  againft  the  quickfilver  ia 
the  pipe  BD  remaining  the  fame,  its  furface  muft 
remain  at  F.  But  the  furface  of  the  water  is  at  S^ 
viz.  14  inches  above  the  level  GZ  of  the  junftion 
of  the  two  fluids,  whilft  the  furfiice  F  of , the 
quickfilver  i§  one  inch  above  the  faid  level.  There- 
fore the  perpendicular  heights  of  thofe  fluids  above 

the 
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the  level  of  their  junftJon  are  inverfely  as.thcif 
Ipecifk  gravitie5,r-The  like  feafoning  may  evi- 
dently be  applied  to  all  other  fluids,  and  to  veffels 
of  any  other  (hape:  therefore  the  propofition  is 
univerfally  true. 

Propofition  V.  A  body  floating  in  a  fluid  dif^ 
places  a  quantity  of  the  fluids  the  weight  of  which  is 
equal  to  the  weight  of  the  body. 

Thus  the  body  DB,  fig.  lo.  PL  X.  floating' 
on  the  fluid  FHG,  weighs  as  much  as  the  quantity 
€^{  that  fluid  which  would  cxaftly  fill  up  the 
fpace  ABCE ;  for  the  body  DB  is  kept  in  that 
place  by  the  preflure  of  the  furrounding  water, 
which  fame  preflure,  previoufly  to  the  immerfion 
of- the  body,  was  juft- fufficient  to  keep  in  the 
fame  place  a  quantity  of  the  fame  fluid  equal  to 
the  fpace  ABCE  :  therefore  the  weight  of  that 
quantity  of  the  fluid  is  equal  to  the  weight  of  the 
body. 

The  followingconfequences,  or  corollaries^  are  na- 
turally deduced  from  this  propofition. 

I.  If  the  fame  body  be  fucceflively  placed  on 
fluids  of  different  fpecific  gravities,  it  will  difpbcc 
different  quantities  of  thofe  fluids  s  that  is,  it  will 
fink  deeper  in  the  lighrer  than  in  the  heavier 
fluid. 

a.  If  the  weight  of  the  body  be  equal  to  that  of 
an  equal  bulk  of  the  fluid,  then  that  body  will  re- 
main at  refl:  in  any  part  of  that  fluid  below  the 

furface. 
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(urface,  and   no  part   of  tbc   body   will   appear 
above  the  furface  bf  the  fluid. 

3.  If  a  body  heavier  than  an  equal  bulk  of  a  cer- 
tain fluid,  be  placed  on  the  furface  of  that  fluids 
it  will  fink  with'  the  excefs  of  weight  by  which 
the  weight  of  the  body  exceeds  the  weight  of  an 
equal  bulk  of  the  fluid.  Thus,  if  a  body  which 
weighs  three  pounds  be  put  in  water^  and  a  quan- 
tity of  water  equal  in  bulk  to  thdtt  body  weighs 
two  pounds ;  then  the  body  will  defcend  in  the 
water  with  the  force  of  one  pound  \  the  meaning 
of  which  is,  that  if  that  body  be  tied  by  means  of 
a  firing  to  one  fcale  of  a  balance,  and  be  weighed, 
firfl:  out  of  the  water,  and  then  in  water,  as  in 
fig.  II.  PL  X.  it  will  be  found  to  weigh  three 
pounds  out  of  the  water,  and  one  pound  in  water: 
whence  it  follows,  that  if  the  weight  of  a  body  be 
divided,  by  that  weight  which  it  lofes  in  water,  the 
quotient  (hews  its  fpecific  gravity;  viz.  it  ftiews 
how  many  times  that  body,  is  heavier  .than  an 
equal  bulk  of  water. 

4.  If  a.  body  lighter  than  an  equal  bulk  of  a 
certain  fluid  be  placed  at  the  bottom  of  a  veflTel. 
full  of  that  fluid,  that  body  will  ^fccnd  with 
more  or  Jefs  force,  according  as  the  difference  of 
weight  between  the  body  and  an  equal  bulk  of  the 
fluid  is  greater  or  fmalher ;  becaufe  a  quantity  of 
the  fluid  eq^ual  to  it  in  bulk,  but  heavier  than  the 
body,  will  continuUy  take  its  place,  until  part  of 
'ihe  body  projeds  above  the  furface  of  the  fluids 

.  and 
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aiid  only  fuch  a  part  of  it  will  rdmain  in  the  fluids 
as  can  difplace  a  quantity  of  the  fluid  whole  weight 
equals  the  weight  of  the  body.  Therefore  in  order 
to  keep  that  body  below  the  furface^of  the  fluids 
you  mud  prels  it  with  a  weight  equal  to  the  dif- 
ference between  the  weight  of  the  body  and  the 
'  weight  of  an  equal  bulk  of  the  fluid. 

5.  If  a  body  be  cauCed  to  float  fucceflively  on 
two  different  fluids,  the  quantities  of  thofe  fluids, 
which  are  difplacpd  by  that  body,  and  likewife  the  . 
parts  of  that  body  which  are  immerfed  m  the  two 
fluids,  will  be  inverfely  as  the  (pecific  gravities  of 
thofe  fluids.  Thus,  fuppofe  that  a  folid  body 
weighs  5  lbs.  that  an  equal  bulk  of  water  weighs 
lb  lbs.  and  that  an  equal  bulk  of  another  fluid 
weighs  1 5  lbs.  in  which  cafe  the  (peciiKc  gravities 
of  the  fplid  body,  of  the  water,  and  of  the  other 
fluid,  are  as  1,  2,  and  3  :  Then  that  body,  when 
floating  upon  water,  will  difplace  a  quantity  of  wa* 
ter  which  is  equal  to  one  half  of  its  bulk,  and 
when  floating  upon  the  other  fluid,  it  will  difplace 

a  quantity  of  that  other  fluid,  which  is  equal  to 
one  third  part  of  its  bulk.  But  one  half  is  to  one 
third,  as  3  is  to  2,  and  thofe  numbers  are  inverfe- 
ly as  the  fpecific  gravities  of  water  and  of  the 
other  fluid. 

6.  When  a  folid  is  floating  upon  a  fluid,  the 
part  immerfed  is  to  the  whole  (olid,  as  the  fpecific  . 
gravity  of  the  folid  is  to  tlic  fpecific  gravity  of  the 
fluid  i  for  when  the  fpecific  gravity  of  the  folid  is 

ci^ual 
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equal  to  that  of  the  fluid,  then  the  folid  difplaces 
a  quantity  of  fluid  equal  in  bulk  to  itfelf ;  when 
the  (pecitic  gravity  of  the  folid  is  the  half  of  that 
of  th^  fluid,  then  it  difplaces  a  quantity  of  fluid 
the  bulk  of  which  is  equal  to  the  half  of  its  owb 
bulk  I  and  fo  forth. 

*].  All  bodies  retain  their  whole  gravity  when 
immeried  in  a  fluid ;  but  that  gravity  is  either 
partly  or  entirely  counterafted  by  the  preflTure  of 
the  fluid,  according  as  the  gravity  of  the  im- 
merfed  body  is  equal  to,  or  different  from,  Chat  of 
ail  equal  bulk  of  the  fluid. 

Propofltion  VI.  If  a  lig/iter  fluid  reft  upon  m 
heavier^  and  a  body  whofe  fpedfic  gravity  is  greater 
than  that  of  the  upper,  and  lefs  than  that  of  the 
lower  fluids  remain  between  them-,  the  part  of 
it  which  ftands  in  the  upper  fluid  is  to  the  part  of  ii 
which  ftands  in  the  hwer  fluid,  as  the  difference  ^- 
tween  the  fpecific  gravity  of  the  lower  fluid  and  the 
fpecific  gravity  of  the  body,  is  to  the  difference  be^ 
tween  the  fpecifie  gravity  of  the  upper  fluid  and  the 
fpecific  gravity  of  the  body. 

The  demonftrations  of  this  and  of  the  following 

proportions  will  be  found  in  the  notes;  fo  that 

the  reader  may,  according  to  his  capacity,  either 

examine  them,  or  take  the  propofitions  for  grant* 

ed.  (2.) 

Cor. 


(3.)  Fig.  12.  Plate  X.  ref^refents  a  veflel  which  contains 
two  fluids^  whereof  ADEF  is  the  lighter^  whofe  ft)ecific  gra- 
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Cor.  the  part  L  is  to  the  whole  body,  as  the  dlf*^ 
ference  heiween  the  fpecific  gravities  of  the  folid  and 
lighter  fuidj  is  to  the  difference  between  the  fpecific 
^azities  if  the  heavier  and  lighter  fluids.  (3.) 

Propofition 

Vity  IS  a ;  EFG  the  heavier,  whofe  fpecific  gravity  is  h ; 
UL  is  the  Body,  whofe  fpecific  gravity  is  f,  and  which  re- 
mains  with  the  part  U  in  the  upper,  and  with  the  partX 
in  the  lower,  fluid. 

It  h^  been  fhewn  in  cor.  3.  of  prop.  V.  that  if  the 
weight  of  a  body  be  divided  by  the  weight  which  it  loTes 
jn  a  fluid  (which  is  the  weight  of  an  equal  bulk  of  that 
fluid)  the  quotient  will  exprefs  the  fpecific  gravity  of  that 
body  in  comparifon  with  that  of  the  fluid,  which  will  be 
called  unity.  Therefore  if  the  weight  of  the  body  out  of 
die  fluid  be  divided  by  its  fpecific  gravity,  the  quotient  will 
be  the  weight  of  a  quantity  of  that  fluid  equal  in  bulk  to 
the  body.     Hence  it  appears  that  the  weight  of  the  body 

is  f  X  U  -f  L,  that  the  weight  of  that  quantity  of  the  lower 
flu!  J  which  is  difplaced  by  the  part  L,  Is  L  b^  and  the 
'weight  of  that  quantity  of  the  upper  fluid  which  is  dif- 
placed by  the  part  U,  is  U  j  :    therefore  Li+Utf=r  X 

U  +  LrzUj  +  Lr.  Hence  L^  —  Lr=Uc-— Uj;  or  Lx 

^~^z=U  Xr  —  a\  therefore  U  :  L  : :  A  —  r  :  ^ — tf.    ,  J" 
(3.)    The  laft  analogy,  by  inverfion  and  compofitioni 
becomes  L  :  L  +  U  : :  c  —  a\h  —  a. 

Confidcring  that  vyre  are  furroundcd  by  a  thin  and  invi- 
fil)lc  fluid  called  a'lr^  (as  will  be  more  particularly  (hewn 
in  iht;  fequcl)  in  which  we  conftantly  move  and  live;  it 
follows  that  a  body  when  weighed  in  the  common  way, 
that  is,  in  air>  weighs  lefs  than  if  it  were  weighed  in  vacuo, 

VIZ. 
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jl^ropofition  VII.  If  two  fluids  be  mixed  together^ 
iielu/k  if  tie  heavier  fluid  is  to  tie  bulk  of  tki 
lighter^  as  the  ' differ ence  between  the  fpedfic  gravities 
of  the  mixture  and  of  the  lighter  fluids  is  to  the 
difference  between  the  fpeciflc  gravities  of  the  mix^ 

ture 

«fc"l  ■■■»■■-■  ■■■  ■!  — ^M^— ■      ■  ■! 

VIZ.  where  there  is  no  air;  <<allo»  that  if  any  fubftance 
'^  float  upon  the  (iirfiice  of  a  fluid  in  vacuo,  upon  adipit- 
^  tii^  the  air^  the  floating  body  will  ri(e  higher  abore  the 
^  furiacei  fo  that  die  proportion  of  the  part  immeried  t^ 
^  the  whole  will  be  femewhat  le&  than  before.  The  dif- 
«<  ference  of  the  parts  of  a  folid  immerfed  in  a  fluid,  when 
^  in  vacuo^  and  in  6pen  air,  may  be  eftimated  in  general 
««  thys/'^iAiMMf'/  Dijcrip.  •/  Expirimntt  for  a  Coutje 
rf  LoRurts. 
Let  in  =  the  magnitude  of  the  fdid  body; 

1  ^  its  Ipecific  gravity ) 

A  =  the  part  immerfed  when  in  open  air  ; 

B  =:  the  part  immerfed  when  in  vacuo; 

«  s  the  fpecific  gravity  of  the  fluid  in  ifriiich  die 
(olid  is  immerfed ; 

/  SB  the  (pecific  gravity  of  air. 

Then  (Cor.  6.  of  Prop.  V.)   B  :  m  : :  x  :  ^ ;  and  B-5 
mi  .  , 

•—  r:to  the  part  immerfed  in  Ac  fluid  when  no  air  is  over  it. 

By  die  coroUarjr  to  the  laft  Prop.  A  im  : :  t—g  :  a— ^j 
and  A  =  m  X  iHl  =  to  the  part  immedU  in  the  fluid 

when  the  air  is  over  it,  as  in  the  common  way.    And  the 

differenccof  tbofe  parts  kB  — As  ——iifZll -. 

f  «— ^"^ 

mXta'—  sg  ^sa+ag       mgXa  —  t 

d^ZJi  -— ^^ nearly* 
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tiire  and  of  the  heavier  fkiid.  ^hen  as  tie  jhlh 
of  the  heavier  fluids  tnultiplicd  by  its  fpecific  gra- 
vity y  is  to  the  bulk  of  flie  lighter  fluid  multiplied  by 
its  fpecific  gravity y  fo  is  ^the  weight  of  the  heaviei' 
fluid  to  the  weight  of  the  lighter  fluid  (3). 

/The  fame   thing  muft  be   underftood  of  two 


The  fpeci^c  gravity;  of  ahr  (viz.  j^ )  is  about  0,0013; 
hence,  by  making  the  coolputatiotn,  it  will  appear  that  the 
exffience  of  the  air  oyer  a^flm4  in  which  a  folid  floats, 
produces  a  .very  fmall  difierence.  with  refpe<St  to  the  part 
of  the  Iglid  which  is  immerfed  in  the  fluid;  To  that  it 
ne<^s  not  be  regarded,  unlefs  the  utmoft  pre^fioa  be  re- 
i|uired  \  in^wbich  cafe  the  actual  fpecific  gravity  of  the  air, 
as  indicated  by  the  barometer,  mud  be  taken  into  the  com- 
putation \  for  the  gravity  of  the  air  is  continually  varying, 
and  its  adlual  quantity  is  (hewn  by  the  baro9ieter,  as  will 
be  explained  hereafter. , 

It  follows  likewife,  that  if  two  bodies,  of  diflerent  fpe- 
ciiic  gravifi^s,  balance  each  other  in  a  pair  of  fo^es,  their 
weights  are  not  exadly  equal  j  for  if  the  air  were  removed, 
that  body  whofe  fpecific  gravity  is  leaft  would  prepon- 
derate. 

(3.)  Let  A  and  B  rcprefcnt  the  bulks  of  the  two  fluids, 
a  and  k  their  fpecific  gravities,  and  c  the  fpecific  gravity  of 
the  compound.     Then   the   weight  of  the  compound   is 

reprefentcd  by  r XA  +  Bj  the  weight  of  A  is  reprefented 

« 

by  A  <7,  and  the  weight  of  B  is  reprefented  by  B  ^ }  there- 
fore A<+Br=Atf+ Bij  and    Br  — BA=:A^  — Af  J 

Aat  is,  c  — *  xB  =  tf«-*fxAs   confequently  A  :  B  : : 
f  — i:ii— r. 

folids 


folids  intermixed  togethier,  fudi  as  an  alloy  of  two 
different  metab/  &c.  " 

This  propofition  is,  however,  true  only  when 
the  bulk  of  the  compound  is  equal  to  the,  fum 
of  fhfc' bulks  of  the  two  components  previoufly  to 
their  being  mixed,  which  feldom  is  the  cafe ;  ex* 
perience  (hewing  (as  will  be  particularly  mention* 
ed  in  the  fequel)  that  whejn  two  or  more  bodies 
are  mixed  together,  a  fort  of  incorporation,  and 
fometimes  an  expahfioo,  frequently  takes  place, 
which  is  attended  with  a  diminution  or  increafe 
of  bulk ;  thus,  a  pint  of  fpirit  of  wine  mixed  with 
a  pint  of  watier,  forms  a  compound  which  mea* 
fures  lefs  than  two  pints.  And  a  cubic  inch  of  tin 
incorporated,  by  means  of  fufion,  with  a  cubic 
inch  of  lead,  will  form  a  mafs  which  meafures 
more  than  two  cubic  inches.- 

When.Xuch  increafe  or  decreafe  of  bulk  does  not 
take  place,  then  we  may^  by  the  laft  propofition, 
find  out  the  weights  of  two  ingredients  which 
form  a  compound  body,  having  given  the  fpecifie 
gravities  of  the  ingredie&ts>  and  of  the  com* 
pound. 
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CHAPTER    in. 


6t  rnt  SFBciFxe  GRikVirzis  of  bosies^ 

w  •  *  .  ' 

IT  has  been  already  mctttiomd  that  the  fjpedfie 
gravity  of  a  body  is  the  proportion  which  its 
weight  bears  to  the  weight  of  another  body  of 
equal  bulk.  Thus  the  fpecific  gmvity  of.  mercury 
is  faid  .to  be  to  the  fpecific  gra;vily  of  water  .as  14 
to  one  %  the  meaning  oi  which  is,  that  if  a  quan- 
tity of  ipercuryj.  which  exadtly  filb  a  certain  HtSd^ 
and  <a  quantity  of  water  which  like^tfe  exaftly 
fills  the  fame  vefiel,  be  weighed  fepamtely,  the 
former  will  be  found  to  weigH  14  times  as  much 
as  the  latter ;  fo  that  if  the  water  weighs  one 
pounds  or  one  ounce,  &c.  the.mercuiy  will  be 
found  to  wci^.  ^4  pounds,  or  14  ounces,  &c.— 
Thus  alfo  thte^^ecific  gravity  of  mercury  is  to  the 
^>eci(ic  gmvity  of  ;&inc  as  two  to  one;^  viz.  if  a 
a  .cubic  inch>  or  a  ccrtiMn^yeflel  full,  gf  mercury 
weigh  14  pounds,  a  cubic  inch,  or  the  fame  veflel 
full,  of  zinc  will  be.  found  to  weigh  7  pounds. 
Or  if  the  former  weigh  100  grains,  the  latter  will 
be  found  to  weigh  50  grains ;  and  fo  on. 

But  though  bodies  may  be  thus  compared  in- 
difcriminately  together,  yet  conveniency  has  ef- 
tablifhed  the  cuflom  of  comparing  all  bodies  with 
water,  the  fpecific  gravity  of  which  is  reckoned 

one. 
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one,  or  unity ;  fo  that,  fpeaking  of  the  above-men* 
tioned  bodies^  the  fpecific  gravity  of  mercury  is 
faid  to  be  14,  and  that  of  zinc,  to  be  7;  mean* 
ing  that  equal  quantities  of  ^¥ater^  of  mercury,  and 
of  zinc,  weigh  refpedkively  i,  14,  and  7,  be  they 
pounds,  oropnces,  or  grains,  or  any  other  weights. 
Nor  does  this  mode  of  expreffing  the  fpecific  gra* 
vities  alter  the  proportion  between  any  two  or 
more  bodies ;  for  inftance,  it  has  been  faid  above 
that  the  fpecific  gravity  of  mercury  is  to  that  of 
zinc  as  two  to  one,  and  by  the  laft  exprefiion  tboie 
ipedfic  gravities  have  been  ilated  as  14  and  7 ; 
but  thofe  two  numbers  are  to  each  <^her  e^dly 
in  the  ratio  of  two  to  one. 

The  realbns  for  which  water  has  been  generally' 
adopted  as  the  (^andard  with'  which  all  other 
bodies  ait  conipared,  are,  ift,  that  by  weighing 
the  fame  body  out  of  water  and  in  water,  the  fpe* 
cific  gravity  of  that  body  may,  in  general,  be  more 
eafily  afcertained  than  by  any  other  means;  and 
2dly,  that  water  of  the  fame  purity  and  of  the 
fame  i^ecific  gravity^  may  be  eafily  procured  in 
cveqr  country. 

But  the  fpecific  gravity  of  water  is  liable  to  be 
altered  by  two  caufes,  viz.  by  the  admixture  of 
other  fubllances,  and  by  an  alteration  of  tempe- 
rature;— water,  for  inftance,  at  lOo*  of  tempera- 
ture, is  lighter  than  water  at  6,0*" ;  and  ftill  lighter 
than  water  at  40''.  Therefore  the  water,  which 
is  to  be  ufed  for  the  purpois  of  afcerta'ming  the 

Ej         '  ^       fpecific 
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fpccific  gravities  of  bodies,  muft  be  free  from  he- 
terogeneous fubftances,  and  muft  be  ufed  alvl^ays 
at  the  faiTje  degree  of  temperature. 

DiftiUed  water,  and  rain  water,  are  fufficiently 
pure,  and  equally  ufeful  for  the  above-mentioned 
purpofe,  as  they  have  not  been  found  to  difierin 
fpecific  gravity. 

'  The  moft  natural  way  of  determining  the  fpeci- 
.  fie  gravity  of  bodies  is  to  weigh  in  a  pair  of  fcales,^ 
or  by  means  of  a  ftcelyard,  bodies  of  different 
forts,  but  of  precifely  the  fame  dimenfions ;  and 
this,  indfeed,  is  a  very  good  praftical  method  for 
fluids,  which  may  be  put  fucceffively  into  the 
fame  phial,  &c.  j  but  the  difficulty  of  forming 
folids  exaftly  of  the  fame  dimenfions  is  fo  very 
great,  that  their  fpecific  gravities  are  generally  de^ 
termined  by  weighing  each  body  both  out  of  wa* 
ter  and  in  water,  in  the  manner  which  will  be  pai> 
ticulariy  deifcribed  in  this  chapter ;'  excepting  fome 
powdery  fubftances,  which,  in  this  refpedt,  niay 
be  treated  like  fluids. 

It  appears,  thereforei  that  a  cotpmon  pair  of 
fcales,  or  balance,  is  the  principal  inftrument  which 
is  required  for  determining  the  fpecific  gravities 
•  of  bodies.  It  only  requi^ps  to  have  a  hook  affixed 
•under  one  of  the  fcales.  This  balance,  when  itK 
tife,  might  be  held  ia  the  operator's  hand  :  but  as 
thofe  experiments  require  a  certain  timej  and  ' 
much  accuracy,  therefore  it  is  advifable  to  have 
them  fet  upon  a  ftwd,  fuch  as  is  iiq^refeoted  ia 
'      ■    ■      ♦  '.••■'.       ^  fig- 
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fig.  14.  of  Plate  X.  The  whole  apparatus,  then, 
for  determining  fpecific  gravities,  which  goes  un- 
def  the  name-  of  the  Hydtofiatical  Balance  and  its 
apparatus^  confifts  of  the  following  parts.  A  ba- 
lance, fuch  as  ABCD,  fig.  14.  Plate  X.  which 
fhould  be  fo  fenfible  as  to  turn  at  leaft  with  the 
20th  part  of  a  grain  when  each  fcale  is  loaded  with 
a  weight  of  two  or  three  ounces.  Ah  accurate  fet 
of  weights,  efpecially  of  grains,  fuch  as  weights 
of  10  grains  and  of  100  grains,  befides  the  fingle 
grains ;  it  being  much  more  commodious  to  make 
the  computation  entirely  in  grains,  or  at  moft  in 
ounces  and  grains,  than  to  be  encumbered  with 
weights  of  different  denominations^  A  glafs  jar 
E,  about  7  or  8  inches  high,  which  is  to  con* 
tain  the  diftllled  or  ram- water.  A  glafs  ball,  of 
about  an  inch,  or  an  inch  and  a  half  in  diameter, 
with  a  bit  of  fine  platina  wire,  about  three  inches 
long,  affixed  to  it*,     A  fmall  glafs  bucket  G,  with 

-: ^ , = . 

'  *  This  ball  may  be  either  of  (olid  glafe>  or  of  hollow 
gla&  partly  filled  with  quickfilver,  or  with  (Ome  other 
heavy  fubdance*  In  the  latter  cafe  it  generally  has  a  fbort 
perfors^ted  (lem,  into  the  perforation  of  which  the  pbtina 
wire  is  feftened  with  cement.  But  if  it  \>z  a  folid  glafs  ball, 
a  hole  of  about  ^th  of  an  inch  in  length  muft  be  drilled 
in  it,  wherein  the  wire  is  to  be  faftened.  For  the  lake  of 
expedition  in  making  the  computation,  it  would  be  proper 
to  make  this  glafs  ball  of  a  certain  weight  expreiEble  by  a 
round  numbers  for  inftance,  pf  lOQ,  or  SoO,  or  igoq 
grains. 

f  4  aglaf^ 
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a  gla(s  h^dle.    A  (mall  phial  or  two,  as  H;  v)& 
of  fuch  a  ihape  as  to  sktmlt  of  their  being  eafily , 
filled,   emptied,   and  cleaned.    And    a   thermo-* 
meter  I. 

This  hydroftatical  balance  and  apparatus  is 
commonly  made  by  the  philofopbical  inftfument*- 
makers  of  a  very  compaft  form,  fo  as  to  admit  of 
its  being  packed  up  in  a  pretty  fmall  box  >  but 
when  in  ufe,  it  mufl  be  fet  upon  a  table,  as  is 
reprefented  in  fig,  14,  where,  it  mud  be  remarked, 
that  the  balance  may  be  moved  a  little  way  up  or 
down,  either  by  means  of  the  ibring  which  goes 
along  the  fUnd,  in  the  common  way,  or  by  fomc 
other  mechanical  contrivance  which  needs  not  bo 
particularly  defcribed. 

We  (hall  now  proceed  to  (late  the  praAical  me- 
thods of  determining  the  fpecific  gravities  of  bo- 
dies of  various  (pecies ;  which  methods  are  nothing 
more  than  praftical  applications  of  the  Propofi- 
tions  of  the  preceding  chapter,  as  will  appear  by 
obfervlng  at  the  end  of  the  Rules,  the  quotation 
of  the  Propofitions  upon  which  thofe  rules  de- 
pend. 

Problem  I.  To  a/certain  the  fpecific  gravity  of  a 
pretty  large  folidt  ivhich  is  heavy  enough  ti  fink  in 
V^ater. 

Rule.  Sufpend  the  folid  by  means  of  as  (lender 
a  thread  as  may  be  juft  fufficient  to  hold  it,  to  the 
hook  under  the  fcale  C,  fo  as  to  hang  at  the  dif* 
tance  of  fix  or  feven  inches  below  that  fcale,  and 

9  by 
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by -putting  weights  in  the  oppofite  fcale  D,  find 
out  its  exaft  weight  in  air,  that  is  out  of  the  water. 
Then  place  the  jar  E,  about  three-quarters  full 
of  rain  or  diftilled  water,  juft  under  the  fcale  C, 
which  is  the  cafe  adtually  reprefented  in  the 
figure ;  let  the  folid  body  be  immerfed  in  the  wa^ 
ter,  and  either  by  removing  fome  of  the  weights 
from  the  fcale  D,  or  by  putting  weights  in  the 
fcale  C,  find  out  its  exad  weight  in  water.'  Sub* 
trad  the  latter  weight  from  the  former,  and  note 
the  remainder.  Laftly,  divide  the  weight  of  the 
folid  out  of  the  watei:  by  that  remainder,  and  the 
quotient  will  .exprefe  its  fpecific  gravity,  (Prop, 
V.)  —  Sec  the  precautions  which  follow  the  ex-r 
ample. 

Example*  A  piece  of  filver  was  found  to  weigh 
in  air  (that  is,  out  of  the  water)  136  grains,  and 
in  water  123,73  grains.  The  latter  weight  being 
fubtraAed  from  the  former,  there  remained  1 2,25 
grains.  Ladly,  136  was  divided  by  12,25,  ^^^ 
the  quotient  11,091  exprefled  the  ipecific  gra* 
vity  of  the  piece  of  (ilver. 

Before  we  proceed  any  farther,  it  is  neceflary  to 
prevent  any  poflible  millake,  by  the  ftatement  of 
the  following 

General  precautions.  The  water  in  which  the 
(olid  is  to  be  weighed,  befides  its  being  either  dif- 
tilled or  rain  water,  muft  be  iquite  clean. —  Its 
temperature,  as  well  as  that  of  the  folid,  muft  be 
as  near  as  poflible  to  62*  of  Fahrenheit's  thermo- 

'  •  metei*. 
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'meter;  for  which  purpofe  the  ball  of  the  thermo- 
meter ipuft  be  placed  in  the  water,  and  the  tem- 
perature is  adjuftcd  by  the  addition  of  hot  or  cold 
water.  —  If  the  folid  body  be  foluble  in  water,  or 
if  it  be  porous  enough  to  abforb  any  water,  then 
it  muft  be  varhiflied^  or  fmeared  over  with  fomc 
oily  or  gjreafy  fubftance ;  but  in  that  cafe  fomc  al« 
lowance  muft  bt  made  on  account  of  the  Varnifh, 
&c.  — ^When  the  folid  is  weighed  in  water,  its  up- 
per part  ought  to  be  a  little  way  below  the  furface 
of  the  water ;  for  inftance,  about  an  inch ;  and  it 
muft  by  no  means  be  fuiFered  to  touch  the  fides 
or  bottom  of  the  jar.— Care  fiiuft  be  had  that 
fao  bubbles  of  air  adhere  to  the  folid  under  water; 
for  they  would  partly  buoy  it  up.  Thefe  may  be 
cafily  removed  by  means  of  a  feather.  —  The  folid 
ihuft  be  of  a  compaft  form,  and  free  from  acci- 
dental or  artificial  vacuities,  fo  as  hot  to  harbour 
any  air;  for  otherwife  its  fpecific  gravity  cannot 
be  afcertained  by  weighing  in  water,  &c.  Thus  qi 
piece  of  filver,  which  is  much  heavier  than  water, 
may  be  formed  into  a  hollow  fpjiere,  which  will  ap- 
pear to  be  much  lighter  than  water  ;  for  if  this 
fphcre  were  immerfed  in  water,  it  would  difplacc 
a  quantity  of  water  which  is  equal  not  only  to  the 
filver,  but  alfo  to  the  fpace  which  is  contained  in 
the  fphere*.  —  Thefe  precautions  muft  be  attended 

to 
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*  It  is  for  this  reafon  tbat>  (hip  might  be  made  of  iron, 
^  of  copper^  or,  in  ihort)  of  any  fubftance  ^hofe  fpecific 

gravity 
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to  in  the  praftical  performance  of  the  preceding 
as  well  as  of  the  following  problems  of  this  chap- 
ter, as  far  as  they  may  be  concerned  in  them. 

Problem  II.     ^0  -  a/certain  the  fpecific  gravity 

9f  folids^   or  compaEl  bodies^    that    xn^e   fuffictently 

heavy  to  Jink  in  water ^  which  are  not  foluble  in  that 

fluids  but  are  too  fmall  to  be  tied  by  fneans  of  a 

thread. 

Rule.  Sufpend  the  glafs  bucket  G  by  the  in- 
terpofition  of  a  thread,  to  the  hook  of  the  fcalc 
C,  and  find  its  weight  in  air;  then  place  the  fub* 
ftance,  which  is  to  be  tried,  in  it,  and  weigh  it 
again.  The  former  weight  fubtraded  from  the 
latter  leaves  the  weight  of  the  fubilance  in  air.' 
This  being  done,  the  fame  operation  mull  be  re- 
peated in  water ;  that  is,  let  the  loaded  bucket  be 
weighed  in  water,  then  remove  its  contents,  and 
weigh  the  bucket  alone  in  water.  Subtraft  the 
latter  weight  .from  the  former,  and  the  cjuotient 
is  the  weight  in  water,  of  the  fubftance  under 
examination.  Having  thus  obtained  the  weights 
of  that  fubftance  in  water  and  out  of  water,  you 
will  then  proceed  according  to  the  preccfding 
problem ;  viz.  fubtrad  its  weight  in  water  from 
its  weighs  in  air,  and  note  the  remainder.  Divide, 
its  weight  in  air  by  this  remainder,  and  the  qiio* 


gravity  f&r  exceeds  that  of  water ;  and  yet  it  woul^  floa^t 
9»  wqU  as  a  fliip  which  is  made  of  wood^  ii)  ibc  ufual  way. 

ticnt 
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ticnt  will  ezprefs  its  fpecific  gravity.  (Prop.  V,)  — 
Obferve  the  general  precautions  at  the  end  of 
Problem  I.  p.  5.7. 

By  this  means  the  fpecific  gravity  of  diamonds 
and  other  fmall  precious  ftones,  as  alfo  of  grains 
of  platina,  of  filings  of  metal,  of  mercury,  &c. 
may  be  afcertained. 

Example.  The  glafs  bucket  being  fufpended 
from  the  hook  of  the  fcale  C,  was  counterpoifed 
by  weights  in  the  oppofite  fcale  D,  Some  gold- 
dud  was  thpn  placed  in  it,  and  by  adding  more 
weights  into  the  fcale  D,  its  weight  (viz.  of  the 
gold-duft  alone)  was  found  to  be  460,6  grains. 
The  loaded  bucket  was  then  weighed  in  water, 
and  was  found  to  weigh  736,1  grains;  and  after 
having  removed  the  gold-duft  from  the  buclcet, 
the  latter  by  itfelf  was  found  to  weigh  in  water 
300  grains;  which  being  fubtradled  firom  736,1, 
left  436,1  grains  for  the  weight  of  the  gold  in 
water.  Then  this  weight  of  the  gold  in  water 
(viz.  436,1)  was  fubtradted  from  its  weight  in  air 
(viz.  460,6)  and  the  remainder  was  24,5.  Laftly, 
the  weight  of  the  gold  in  air,  viz.  460,6  was  di- 
vided by  the  remainder  24^5,  and  the  quotient 
J  8,8  exprefled  the  fpecific  gravity  of  the  gold- 
duft. 

Problem  III.  ?V  a/certain  the  fpecific  gravity  of 
a  f olid  body  lighter  than  an  equal  bulk  of  zvater,  viz. 
fuch  as  will  not  fink  in  it. 

Rjtle. 
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Rale.  Take  another  ^y  x>f  a  compaA  for^, 
but  much  heavier  than  an  equal  bulk  of  water,  (or 
that  when  this  body  is  connefted  with  the  body 
in  queftion,  they  may  both  fink  In  water.  This 
being  prepared,  afcertain  the  "weight  of  the  lighter 
body  in  air,  and  the  weight  of  the  heavier  tx)dy 
in  water.  Then  tie,  by  means  of  thread,  both 
bodies  together,  but  not.  fo  clofely  as  to  exclude 
the  water  frotn,  or  to  harbour  bubbles  of  air,  be- 
tween them;  and  weigh  them,  both  ih  water, 
Now  fikice  the  heavy  body  is  partly  buoyed  up  by 
the  lighter  body,  the  weight  of  both  in  water  will 
be  lefs  than  the  weight  of  the  heavier  body  alone, 
Subtiaft  the  former  from  the  latter,  and  add  the 
remainder  to  the  weight  of  the  lighter  body  in  air  ; 
for  this  fum  is  the  weight  of  a  quantity  of  water 
equal  in  bulk  to  the  lighter  body,  Theiefore  the 
weight  of  the  lighter  body  in  air  muft  be  divided 
by  the  kft-mentioned  fum,  and  the  quotient  will 
exprefs  the  fpecific  gravity  of  the  lighter  body. 
(Prop*  V.  Cor.  3,  and  4)  —  Obferve  the  general 
precautions  at  the  end  of  Prob^  1.   p.  57. 

Example^  A  piece  of  elm,  being  varnifhfed  in 
order  to  prevmt  its  abforbing  any  water,  was 
found  to  weigh  in  air  920  grains.  A  piece  of 
lead,  which  was  dipTen  for  this  purpofe,  was  found 
to  weigh  in  water  911,7  grains.  The  piece  of 
elm  and  the  piece  of  lead  were  tied  together,  and 
being  fufpeoded  fima  the  hook  of  the  fcale  Q 
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&c.  in  the  uiual  manner,  were  found  to  weigh  m 
water  331,7  grains,  viz.  580  grains  lefs  than  the 
kad  alone;  therefore  580  was  added  to  920  (viz. 
to  the  weight  of  the  elm  in' air)  and  made  up  the 
fum  of  1500.  Laftly,  920  was  divided  by  1500, 
and  the  quotient  0,6133  expreffcd  the  fpecific 
gravity  of  the  piece  df  elm. 

It  is  jdmoft  fuperfluous  to  obfer\'e,  that  the.  fpe- 
cific gravities  of  bodies  that  are  lighter  than  water^' 
are  fefs  than  unity* 

Problem  IV.  ^0  afcertain  the  fpecific  gravities  of 
fnall' bodies  (fuck  ms  f aline  powder 5 ^  &c.J  which  are 
foluble  ifiy  or  abf&rhy  water ^  and  are  not  capable  of 
being  varmflied. 

Rule,  The.fubfiance  in  queftion  muft  be  re- 
duced into  fine  powder,  unleis  it  be  already  in  that 
ihape;  Take  a  clean  glafs  phial,  Tuch  as  H,  fig. 
14,  put  it  in  one  of  the  fcales  of  the  balance,  and 
counterpoife  it  by  placing  weights  in  the  oppofite 
Tcale ;  then  fill  the  phial  with  the  powder  in  quefr 
tion^  ramming  it  as  clofe  as  pofiible,  and  quite  up 
to  the  top.  This  done,  replace  the  phial  in  the 
faqie  fcale  in  which  it  flood  before,  and  by  adding 
more  weights  in  the  oppofite  fcale,  find  out  thq 
exaft  weight  of  the  powder  alone.  Now  remove 
the  powder  from  the  phial,'  fill  the  latter  with  dif- 
tilled  or  rain,  water,  and  placing  it  in  the  fcale  as 
before,  afcertain  the  weight  of  the  water  alone/ 
By  V this  meany  you  have  the  weights  o^  equal 
quantities  of  the  powder  and  of  water,   which 

arc 
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ire  exaftly  as  their  fpecific  gravities ;  but  the  fpe- 
cific  gravity  of  water  is  not  in  this,  cafe  cxpreffcd 
by  unity  ;  therefore  lay,  as  the  weight  of  the  wa- 
ter is  to  the  weight  of  the  powder,  fo  is  unity  to 
a  fourth  proportional,  which  is  the  fpecific  gravity 
'  of  the  powder  when  that  of  water  is  reckoned 
unity ;  that  is,  divide  the  weight  of  the  powder  - 
by  the  weight  of  the  water,  and  the  quotient  will 
exprefs  the  fpecific  gravity  of  the  powder. 

In  certain  cafes  the  faline  fubftances  or  other 
fmall  bodies,  if  the  reducing  them  to  powder  be 
objedted  to,  may  be  weighed  m  the  bucket,  ac-^ 
'  cording  to  Problem  II.  but  inftead  of  water  they  . 
muft  be  weighed  in  fome  other  fluid,  in  which  they 
are  not  foluble,  and  whole  fpecific  gravity  is  al- 
ready known  \  for  the  fpecific  gravities  thus  found 
may  be  eafily  referred  to  that  of  water. 

Example,  The  phial  H  full  gf  a  certain  fait 
wai  i^und  to  weigh  630  grains  (meaning  the  fait 
alone,  independent  of  the  phial]  and  the  fame  phial 
full  of  rain-water  was  found  to  weigh  450  grains^ 
(viz.  the  water  alone) ;  therefore  630  was  divided 
by  4jo,  and  the  quotient   1,4  exprefled  the  fpe- 

I    cific  gravity  of  the  fait. 

Problem  V.  ^0  a/cert ainjhfi  fpecific  gravities  of 
fiuids. 

Rule.  This  may  be  done  either  by  the  method 
laft*mentioned,  ^which  indeed  is  the  mod  proper, 
it  being  the  moft  accurate,  for  nice  experiments ; 
•r  in  the  following  manner : 

Sufpend 
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Sufpehd  theglafs  ball  F,  fig.  14,  or  a  piece  of 
metal,  to  the  hook  of  the  fcale  C,  and'  find  fuC'* 
cefiively  its  weight  in  air,  its  weight  in  water,  and 
its  weight  in  any  other  fluid  you  wi(h  to  try.  Sulv 
traft  its  weight  in  water  from  its  height  in  air, 
and  the  remainder  is  its  lofs  of  weight  when  weigh- 
ed in  water.  Alfo  fubtrad):  its  weight  in  the  other 
fluid  from  its  weight  in  &ir,  and  the  remainder  is 
its  lofs  of  weight  in  the  other  fluid.  Now  thofe 
two  laft  weights  are  cxadly  as  the  fpeci6c  gravi- 
ties of  the  two  fluids  refpeftively.  But  the  fpeci* 
fie  gravity  of  wkter  is  not,  in  this  cafe,  expreflR^d  . 
by  unity;  therefore  fay,  as  the  lofs  of  weight  in 
water  is  to  the  lofs  of  weight  in  the  other  fluid, 
fo  is  utiity  to  a  fourth  proportional ;  that  is,  divide 
the  lofs  of  weight  in  the  other  fluid  by  the  lofs  of 
weight  in  water,  atnd  the  quotient  will  exprefs  the 
fpecifi<J  gravity  of  the  other  fluid. 

For  this  purpofe  a  glafs  ball  with  a  bit  of  platina 
wire,  are  preferable  to  other  fubftances,  becaufe 
amongft  all  the  variety  of  fluids  there  are  fewer 
that  have  any  action  upon  glafs  and  platina  than 
upon  any  other  folid ;  yet  they  are  corroded  by 
one  or  two  fluids,  and  therefore  when  thefe  are  ta-^ 
be  tried,  the  method  of  Problem  IV.  muft  be 
adopted;  but  the  phial  muft  confift  of  fuch  a  fub-  . ' 
.  ftance  as  is  not  liable  to  be  corroded  by  the  fluid 
in  queftion;  or  the  glafs  phial  .-nay  be  lined,  ia 
the  infide.  with  a  film  of  bees-wax,  which  is  eafily 

done 
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done  by  wanning  the  phial;  for  this  film  will 
prevent  its  being  corroded.* 

Exampie.  A  glafs  ball  which  weighed  lOO 
grains  in  air»  was  found  to  weigh  60  grains  in  wa- 
ter,  and  70  gnuns  in  another  fluid ;  fo  that  the 
lofs  of  weight  in  water  was  40  grains,  and  the  loI> 
of  weight  in  the  other  fluid  was  30  grains ;  there- 
fi>re  30  was  divided  by  40,  and  the  quotient  0,75 
ezprefled  the  Ipecific  gravity  of  the  other  fluid. 

The  knowledge  of  the  fpecific  gravities  of  bo- 
dies is  of  the  utmoft  confequence  in  philofophy, 
and  in  other  fciences,  as  alfo  in  the  feveral  arts 
which  depend  on  thofe  fciences.  Independent  of 
thofe  bodies  which  are  pretty  uhifortn,  and  whofe 
(pecific  gravities  are  well  known,  it  frequently 
happens  in  chemiftry,  in  the  praftice  of  (everal 
arts,  and  in  fome  departments  of  civil  fbciety, 
that  the  fpecific  gravities  of  various  bodies,  efpe- 
cially  of  compounds,  mud  be  a£tuaUy  afcertained 
on  particular  fpecimens.  The  ftrength  and  a^i- 
vity  of  divers  chemical  articles  is  accompanied  with 
a  prc^rtionate  degree  of  fpecific  gravity  ^  there- 


*  The  fpecific  gravity  of  air,  and  other  elaftie  fluids 
aodogoits  Co  aiT)  is  a&crtained  by  firft  filling  a  phial  with 
water  and  weighing  it,  dien  idling  xhe  fame  with  the 
daftk  fluid  in  queftion^  aiul  weighing  it  again,  after  the 
maaoer  of  Problem  IV. }  but  the  phial  which  is  necef* 
Uij  for  the  purpofe  of  confining  elafUc  fluids,  as  alfo  the 
mode  of  filling  \%  will  be  defcribedhereafce r> 

VOL.  II.  ^  fore 
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Yore  tlic  knowledge  of  tjie  lattet*  is  ufed  as  anf'in- 
dicatiba  of  the  former.  The  ftrength  of  ^trits  is 
determined  both  in  diftilleries,  and  by'  the  officen 
of  the  excife,  from  their  fpecific  gravities.  The 
aflayers  and  the  refiners  of  Giver  and  gold  fre- 
quently  make  ufe  of  the  fame  means  for  determin- 

.  ing  the  quality  of  their  articles,  ^nd  fo  forth. 

This  extcnfive  ufe  of  the  knowledge  of  fpecific 
gravities  has  produced  a  variety  of  contrivances, 
under  the  names  of  EJfay  injirumeni^  Hydrometer^ 
Areometer^  Gravimetery  and  Pefe -liqueur ^  for  the  pUr- 
pofe  of  afcertaining  the  (pecific  gravities  of  different 
bodies  in  an  expeditious  manner. 

The  confl:ruftion  of  all  thofe  inftrumcnts  de-. 
pends  upon  the  principle  of  the  5th  Propofitfon 
of  the  preceding  chapter,  viz.  that  if  abody  vrhbfc 
fpecific  gravity  is  lefs  than  that  of  certain  fluids, 

-  be  caufed  to  float  fucceflively  upoti  thofe  fluids^ 

^  it  will  fink  deeper  into  the  lighter  than  into  the 
heavier  fluid.     Or    that    a  greater  addition  of 

^  weight  is  required  to  keep  the  fame  part  of  the 
floating  body  below  the  furface  of  a  heavier,  than 

*  of  a  lighter,  ITuid. 

The  fimpleft  hydrometer  is  reprefentdd  in  fig.  13. 

'  of  Plate  X.  It  confifts  of  a  graduated  rod  or  ftem,  ; 
CA,  about  4  inches  long,  which  is  fixed  to  the , 
bulb  A.  From  thelowefl  part  of  A  another  ftcnv:  i 
proceeds  a  fliort  way,  and  terminates  in  a  fmallcr  -' 
bulb  B.  XJie  bulb  B  is  partly  or  entirely  filled  j 
vith  feme  metallic  fub(lance,  generally  quickfilver^ 

which   . 


i 
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^bich  anfwers  two  purpofes ;  it  renders  the  inftru- 
"ii^ntjuft  heavy  enough  ito  fink  as  far  as  feme  part  of 
toe  ftem  CA  below  the  (urface  of  the  fluid  wlTich 
^^is  to  be  tncd  by  it;  and  it  ferves  to  keep  the  in- 
ftrument  upi^ight  in  the  fluid;  hence  it  is  placed, 
a$  ballafL  in  the  lowefl:  6art  of  the  inflrutpeht. 

Now  when  the  fpecific  gravity  of  a  fluid  is  to 
be  determiriec],  tKe  fluid  is  piit  into  a  glafs  jar» 
or  other  convenient  veflel,  and  the  hydrometer  is 
fct  to  float  in  it";  then  the  fpecific  gravity  of  the 
fluifji  b  indicated  by  the  number  of  the  divifions 
of  the  fticm  AC  which  remain  above  the  furface 
of  the  fluid;  or  (^hich  amounts  to  the  fame 
thW)  by  thofe  which  remain  below  that  furface  ; 
thoie^  divifions  being  made,  by  trial  and  adjud- 
ment|  to  reprefent  pairts  of  the  whole  bulk  of  the 
inilrumentJ  Suppofe,  for  inftance,  that  the  balk  ' 
of  the  whole  inftrument  be  equal  to  i  bob  cubic 
tenths  of  an  inch,  and  that  each  of  the  divifions 
of  the  ftem  reprefents  one  of  thofe  parts.  Then 
if  this  infhument  be  placed  firft  in  one  fluid  and 
then  in  another,  and  if  it  be  found  to  'fink^ks  far 
as  the  40th  divifion  (counting  from  the  top)  in 
one  fluid,  and  as  far  as  the  30ch  in  the  other  fluid, 
it  b  evident  that  of  the  1000  parts  of  the  bulk, 
960  have  been  funk  in  the  former  fluid,  and  970 
in  the  latter ;  therefore,  fince  tiie  fpecitic  gravities 
of  thofe  fluids  are  invcrfely  as  the  parts  iinmeffcd, 
the  fpecific  gravity  of  the  former  is  to  that  of  the 
latter  as  9 70  is  to  960.     If  water  be  one  of  the 

.    •    F  2  fluids,  • 
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£uids,  for  inftance  the  former;  then  fay,  as  97a 
is  to  960,  fo  b  one  to  a  fourth  proportional,  which 
is  the  fpecific  gravity  of  the  other  fluid  when  that 
of  water  is  called  unity.  But  the  divifions  on  moil 
of  thofe  inflnunents  are  numbered  fo  as  to  indi* 
cate  inunediately  the  fpedfic  gravity  of  a  fluid  in 
comptriibn  with  that  of  water,  which  is  reckonjcd 
one. 

Hydrometers  of  the  above-mentioned  fort  have 
been  made  of  glafs  for  fuch  fluids  as  corrode  me* 
tals  I  and  of  metal,  which  is  more  durable,  for 
fuch  fluids  as  have  no  adtion  upon  it.  But  its  pe-» 
culiar  imperfedions  are  two  in  number;  i  ft.  It  can 
ferve  only  for  thofe  fluids  which  differ  very  litdc 
in  fpecific  gravity ;  for  if  the  divifions  of  the  ftem 
reprefent  fmall  portions  of  the  bulk  of  the  inftru* 
ment,  then  the  wholci  length  of  the  ftcm  will  like- 
wife  reprefent  no  great  part  of  the  whole  bulk; 
hence  very  little  difference  of  fpecific  gravity-  can  • 
be  indicated  by  all  the  divifions  which  are  upon 
it;  and  if  the  divifions  reprefent  confiderably 
large  portions  of  the  inftrument,  then  the  inftru* 
ment  will  not  indicate  fpiall  differences  of  fpecific 
gravity,  adly.  The  inequalities  of  the  ftem,  and 
the  fmall  quantity  of  fluid,  which  in  the  common 
manner  of  ufing  the  inftrument  can  hardly  be 
prevented  from  adhering  to  that  part  of  the  ftem 
which  is  juft  above  the  fluid,  render  it  inaccurate 
in  a  greater  or  lefs  degree. 

The 
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The  removal  of  the  firft  of  thofe  imperfeAions 
has  been  accempted  either  by  adapting  different 
ftems  to  the  fame  inidrument;  fo  that  a  heavier  ' 
or  a  lighter  ftem  might  be  put  on,  according  to. 
the  nature  of  the  fluid  under  examination ;  or  by 
affixing  certaua  weights  to  the  tnftrument,  and  al* 
tering  the  value  of  the  divifions  accordin^y. 

The  fecond  imperfeftion  has  been  removed  by 
imioving  the. divifions  from  the  (lem»  and' indeed 
by  this  means  the  firft  imperfedion  is  in  great 
meafure  removed  i  viz.  the  ftem  contains  one  mark' 
about  its  middle,  and  the  inftrument  is  caufed  to 
iink  always  to  that  mark  in  different  fluids,  by  the 
addicipn  of  different  weights.  Then  the  (pecifig^ 
gravities  are  indicated  by  thofe  weights. 

The  weights  in  fome  hydrometers  are  fcrewed 
to,  or  fimply  laid  in  a  cup  fit  to  receive  them  at 
the  bottom  of  the  inftrument.  In  others  the 
weights  4rc  placed  in  a  cup  which  is  fixed  on  tbo 
top  of  the  fteoi,  aiid  which  of  courie  remains  out 
of  the  Quid.  But  as  the  laft  method  is  apt  to  ren« 
der  the  inftrument  top-heavyj  therefore  fome  of 
them  have  been  conftruded  with  two  cups,  viz. 
one  at  top  and  another  at  their  lower  part^  and 
proper  weights  are  to  be  placed  in  both,  viz.  the 
coarie(t  or  largcft  in  the  lower,  and  the  nunuteft  in 
the  upper  cup, 

Such  inftruments  have  alio  been  ufed  for  deter- 
mining the  fpecific  gravities  of  Tmall  folids«     la 

rj  this 
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this  caCt  the  folid  ii  placed  in .  the  lower  cup»  -^ad  . 
fuitftble  nn^eights  are  put  into  the  upper  cup.   . ,         i 
Another  inftr\iment  has  alfo  been  ufcd  for  cxpc- 
ditiouflyfilctertpinipgthe  fpecific  gravities  of  fluids. 
It  fioniifts  of  a  feries  of  glafs  bubbles,  increafing 
and    decrtafing   in    fpecific    gravity    from    the 
ftwdard  fluid,  in  a  known  ratio.    When  a  fluid  is 
t<>  be  tried,  thofe  balls,  which  are  all  numbered, 
muft  be  placed  fuccefilvcly  in  the  fluid,  and  it  will 
be  found  that  fonxe  of  then:i  will  iink  to  the  bottom 
of  the  veflel,  whilft  others.will  remain  on  the  furfacQ 
of  .thp  fluid  i  but  that  bubble  which  is  precifelyoF 
t^^  fame  fpeciflc  gravity  with,  the  fluid,  will  remain 
in  any  part  of  it,  without  (hewing  any  tendency^ 
either  to  aicend  or  to  defcend. 
;.All  tM^.ipftf^npents  muft  be  reckoned  inferior 
to  tjho  hydrofiqtical  balance  and  apparatus,  and  that 
(HI  yariops  g^ccpunts,  which  will  eafily  occur  ta  aqy 
vfiecting  ipindt  .  i^ifpedition  of  operation,  and 
portability,  4rg  the  onlj  circymllances  which  have 
iecQmmended  them*     But  the  ufe  of  the  balance 
is.  by  no  rpeans  long  and  intricate »  and  it  is  un- 
^jlftjon^bly  the  leaft  equivocal.     With  refpeft  to 
portability^  it  muft  he  obfijrved  that  no  fingle  hy- 
dromcter^  .^vjjp  of  the  bcft  Ibrt  known,  can  be  ufed 
for  afcertaining  the  ipccific  gravities  of  all  forts  of 
bodies ;  .and  if  many  o(  then]  muft  be  h(\d  in  rea- 
dincfs,.  tb?n  the. bulk  of  them  all  will  more  than 
equal  that  of  a  tolerably  ufeful  balance  and  appa-* 
ratus.    Therefore  wc  may  conclude  with  affirming, 

that 
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that  the  hydroflatical  balance    and  apparatus  is 
upon  the  whole  the  mod  accurate,  the  mod  dura- 
ble^  and  the  mod  portable  apparatus  for  the  purpofe  ' 
of  afcertaining  fpecific  gravities  in  general;    and 

■ 

that  the  ufe  of  hydrometers  may  be  recommended 
to  fuch  pcrfons  only  as  are  obliged  to  try  a  great 
variety  of  fluids  which  do  not  vary  much  in  gra* 
vity  I  vi:&,  to  diftillers,  to  officers  of  the  excife,  &c. 

Thus  far  I  have  endeavoured  to  give  a  (hort  but 
comprehenfive  account  of  the'  inftruments,  which, 
belides  the  balance,  have  been  contnved  for  the ' 
purpgfe  of  afcertaining  (pecific  gravities.  A  par- 
ticular defcription  of  them  all  is  Incompatible  with 
the  nature  and  limits  of  this  work!"  But  if  the  rea- 
der be  defirous  of  examining  the  particular  con- 
(Irudions .  and  ufes  of  fuch  iiiftruments,  he  may 
confull  the  books  which  are  mentioned  in  the 
note*.  ' 

In  determining  fpecific  gravities  of  bodies,  diffe- 
rent experimenters  have  ufed  water  of  various,  and 
fomc  times  of  unknown  temperatures ;  generally  bow- 

-"^^■^i     »  I  ■  — ^»^»^M»  ,^_i_^_KaaM^>^K— ^^iW>WiV^-^— "^■'■*>>-*'*^— «taBMiMMHaa^ 

^  Boyle*8  WorkS)  quarto  edition  of  1772)  vol.  IV.  p« 
204. — Pbtl.  Tranfudions,  vol.  36,  vol.  for  17939  p«  1644 
«— Memoirs  of  the  Manchefter  Society,  vol.  i.' — Ramfden's 
Account  of  Experiments  to  determine  the  Spec.  Grav.  of 
Fluids;  London,  1792,— Annales  dc  Chimie,  vol.  2i.— • 
Baumc*s  Eleoi.  de  Pharmacie. — Nicholfon's  Journal  of 
Nat.  Phil.  No.  I.  III.— De  Prony's  Architedure  Hydrau^ 
|ic{ue,  from  §  614  to  5  626. 

?  4  ever. 
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ever,  between  the  50th  and  65th  degree  of  Fahren- 
heit's thermometer.  But  the  beft  tables  of  fpecific 
gravities  have  been  formed  at  the  temperature  either 
of  about  55**  or  6o\ 

•  •  •  

A  confiderable  difference  does  frequently  appear 
in  thofe  tables  between  the  (tatements  of  the  fpeci* 
flc  gravities  of  the  fame  bodies.  This  di^eitocc 
fomctimes  affeds  even  the  firft  decimal  figure  j  In 
one  table,  for  inflance,  we  find  that  a  certain  body  is 
2,1359  and  in  another  table  that  it  is  2,245.  I^  ^ 
evident  that  this  difference  cannot  be  attributed  to 
the  different  fpecific  gravities  of  water  at  thofe  tem- 
peratures; for  that  difference  will  not  affeft  even 
the  third  decimal  figure ;  but  it  mufl.  be  attributed 
to  other  caufes,  the  principal  of  which  are  the  inw 
perfedkion  of  the  inftruments  with  which  the  bodies 
are  weighed,  and  the  various  qualities  of  the  bodies 
themfelves,  which  are  occaGoned  by  innumerable 
arid  often  apparently  trifling  circumftanc^s.  Hence 
it  follows  that  in  forming  a  table  of  fpecific  gravi- 
ties the  greateft  care  fhould  be  had  to  attain  the 
utmoft  degree  of  accuracy;  but  in  the  ufe  of  fiich 
a  table,  fome  latitude  muft  be  allowed  to  the  pofli* 
ble  error  in  the  flatement  of  the  fpecific  gravities,  in 
proportion  as  the  conflitutions  of  the  bodies  are 
jnore  or  lefs  variable. 

The  following  table  h^  begu  formed  by  com- 
paring the  bell  tables  of  fpecific  gravities  now  ex- 
tant ;  by  confulting  the  works  of  the  beft  authors 
who  have  treated  of  particular  fubftances ;  and  by 

repeating 
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lepeating  feveral  of  their  experiments.    Bat  after 
ally  it  muft  be  acknowlec^ed,  that  t4ie  difficulty  of 
reconciling  the  different  difcordant  ftatements»  and 
of  obtaining  genuine  (pecimens  for  actual  eaqieri* 
mentSy  is  fo  very  great,  that  the  utmoft  diligence 
will  not  be  fufEcient  to  obtain  cert«nnty  and  jpre** 
cifion*.    The  reader  will  find  the  (ubftances  sir* ' 
rang^  in, the  following  manner*    The  metallic' 
fubffamces  occupy  the  firil  place ;  thefe  are  followed 
by  the  earths  and  (lones  $  then  come  the  inflam* 
mablCy  the  vegetablci  the  animal,  and  laftly  the 
flmd  fubfbinces. — When  a  fubftance  i$  ilated  with 
two  fpecific  gravities,  the  meaning  is.  that  thefpe- 
ciQc  gravity  of  th^t  fubftance  is  various,  viz.  (bme 


*  If  cbc  reader  be  defirous  of  examining  this  fubjed  in  a 
more  particular  manner,  be  may  confult  Dr.  Davis's  ex^ 
eelknt  Pkper  on  Specific  Gravities,  in  the  FhiL  TranC 
vol.  XLV.  p.  416;  or  in  the  Abridge  vol.  X«  p»  ao6«  This 
paper  contains  all  that  which  bad  been  done  previous  to  the 
year  1747,  relative  to  the  fubjed.— M.  BriiTon's  Tables  of 
Specific  Gravitie8.-«-M,  de  Prony's  Archit.  Hydr.— Mr, 
Gilpin's  excellent  Tables  of  the  weights,  &c.  of  mixtures  of 
fpirit  and  water  in  different  proportions  in  die  PhiL  TranC  fof^ 
the  year  1794,  page  275.— Kirwan's  Mineralogy,  fecond 
edit.— I  do  not  refer  the  reader  to  a  vaft  ntunber  of  other 
tables,  which  are  either  |efs  cprre£t,  or  copied  firom  the 
abovemeptioned  works*  With  refpe£i  to  the  gravi^  of 
air  under  different  degrees  of  preflure,  as  alfo  of  heat,  &c. 
he  may  perufe  a  moft  vafuablft  paper  of  Col*  Roy,  in  the 
|?hil»  IVanf.  vd.  LXVil,  ^ 

fpccimcm 
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Spec.Gm, 

^_  fat  3ft*  of  beat    *    -     -    -  ia,6io 

Mercury,  6r)  ^^  ,    -.    ^  •'*    ^ 

(«t  212*  of  heat     ...  13,375 


Hi 


llUl    .^i.-* 


-  10,474 

-  10,511 


:¥cr  { 


the  (iiiic 

Qoiiagp   or  ftaodard,    containing 
'  1 1  oz.  2  dwju.  .of  fine  fiher  in 
tlMponadtrofi  fimply  fitfed      10,200 

of  the  ftradaul  of  the  French  coin 
m  the  yev  1780,  Amply  fbfed  ,  10,047 

the  ikmfi  ooiiicd    •    ^    ^    ^   ^    10,408 


O^per 


Gmply  fofed^f 

the  lame  hamnxered 


7,788 
8,878 


9ra&j  being  a  compound  motal^  varies  f  7,600 

•    -    ^    -    -    -    -     {  8,8pQ 


botw^n 


^  The  fpcciiic  gravity  of  mercury  varies  a  little  with 
TarioiK  (peclmens ^  but  tbeptoportton  at  differtnt  degrees 
of  heat  is  nearly  the  fiunei  the  bulk  of  mercury  ipcreafing 
by  the  quantity  0,000102  for  every  degree  of  heat^  its 
bulk  nt  32P  being  called  one  or  unity« 
t  Sucb  is  the  ufual  (peciiic  gravity  of  topper,^  rcckoned[ 
'  piire  f  but  it  is  frequendy  found  of  fuperipr  gravity.  Berg- 
man found  tlie  fpecific  gravity  of  Swcdi(b  copper  to  be 
9  3^4  3 '  l^vt  this  may  pofibly  be  a  miflake  i^  ^r  he  likewife 
lets  the  fp-cific  gravky  of  iron  at  8,3678,  which  is  ccn^ 
Aderably  higher  than  the  beft  flatemeqts^ 

Irpa 
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SpecGiar* 


Iroa 


fufed,  but  not  hammered    -     -     {    ^' 


zoo 
600 


. 


forged,  id  the  form  of  bars   - 

''fteclfoft  -    - 


'     -  7,788 

■    -  7,833 

fteel  hammered  -    '  7»840 

in  theftatcof  /  fteel  hardened  in  water*  7,816 
^  1  ftecl  hammered;  and 

then  hardened    in 

water     •      •     -  7,8  if^ 


r 


Tin 


the  purcft  from  Cornwall,  fimply  C  7,170 
fufedf    ...-.     .     •  I  7,291 

the  fame  hammered   -   -    -    - 

of  Malacca,  fimply  fiifed     -    • 


•    7*296 


the  fame  hammered 


7,306 


Lead,  whether  hammered  or  not    -    -    <  *  '»f4S 


Zinc,  (imply  fufed 


35* 


*  The  expanflon  of  fteel  in  hardening^  befides  its  bdfng; 
indicated  by  the  decreafe  of  fpecific  gravity,  is  alfo  de- 
ctfivdy  Ihewn  by  the  following  experiment  of  Air.  Robert 
Pennington.  —  A  piece  of  fteel  which  when  foft  mea- 
fured  in  length  2,769  inches,  after  being  hardened  by 
plunging  it  red-hot  in  cold  water,  was  found  to  meafure 
2,7785 ;  and  after  having  been  let  down  to  a  blue  temper^ 
it  meafured  2,768  inches. 

t  Gellert  aflerts  that  the  fpecific  gravity  of  die  fin  of 
Gallicia  in  Spain  is.  7,063. 

Antimony, 


* 

1 


/    . 


7S        0fjhe.SpAdJit6raiHtUs9f'jBq^. 

Spec.  GfST 

I^AntimonyjinamdalUcibite^fiinplyfjifcd  f  /o^* 


r  •■' 


Bifmuth,  in  a  metallic' ffcite,  fimpiy  fiifcd  \    ^HJ^ 


'  CobaIl>  in  a  metallic  flate,  fimpiy  fufed    \  ^  o*^ 

Smalt>  or  blue  glafs  of  cobalt    -    .    .    *  2,440 

2,Nickel,o^thcpurcftfort    "-.-.-[  7>ooo 

*  ■  I  9,000 

Sulphurated   nickel,  or  the  mineral  called 

ku^er  nickel  hj  flie  Germans      •     -     -  6,6ao 

Manganefe,  in  a  metallic  (late    -     .    *     •  6,990 

'   Arfente,  fiafed^    --^----r.-  8,310 

:  jUianiie  in  a  metallic  ftatc    -    •    -    -    -  6,440    . 

ofagrcy.colour  .    -    -    .  |  ||^^J 

'^  i^^*^^°  1  of  a  brown  colour     -     -    -  .  -  5?  J  70  « 

in  a  metallic  ftate  -f*       .     .     -  1 7,600 

Mojybdcna  In  a  metallic  ftate,  when-  (atu- 


rated  with  water  -.-..-  j.  7.Soo 

i'  ^Ivaoite,  or  Tellurite,  in  a  metallic  ftate,  7     . 

:  twicefufed -    -    -  i    ^'343 

•    Titanite     ---".-•     ~    .    l    .   4,180 


:.  *  This  fp.  gr.  has  been  dated  on  the  authority  of  Muf- 
,  :  .cHcnbfpek  and  Bergman ;  but  Briflbn  dates  it  at  5)7633. 

t    This  fpecific  gravity  refts  upon  the  authority  of 
'■'  ]6lhuyart.    It  may  poffibly  be  a  miftake.     See  Ktrwan's 
.Mineralogy,  fecund  edit,  vol.  2vP-  3c8. 

8  ManacUamte 


Spec.  OraY, 

.  ,  C  colourlefe  -     -----    2,65.0 

p.ock  cO'Mtrofccoloured^.  --    -  "-  -^''ifij6 

X^attz-    --  -    - I    2,670 

>AtB«thyft  -    -    -    -    -    -    -    -    ^^'^V*'^S 

Bft»*rald     -.-.-.-_-.-.---    i*    -   »>775 

BertylU  or.Aigue  Marins  -.-.-.-    .,  | ,    *^.^ 

-Piaaucn  -    --_-.-.-.---.--'   .-  ^$^^ 

5  oriental ,-    -..4»a8.3 

^RuDy  .  I  Brazilian  -----    -  -  -    -  '  -    -  3»ii« 

f  oriental  --------  -  -  •  -  •  ;►.-  ■4*'*-'* 

*  5  Topaz  .|  Brazilian      - 3,53^ 

.'    '■  (.from  Saxony  ..  -    -.  -     -.  -    -;.  Jr5^4 

^R^^^f'^.lBnizUiaa  -.  --  -    -    -  -    --.^tjo 

Hyacinth       - --  3>^^7 

-  Jjug&n  of  Zircofi  -'  -"   -    -'  -"  -    -    -  4»4*S, 

•oriental,  carbuncle  •  -"  -"  '-'*''  <• 

^*^*=*1  common      --,--.  -_  -.   -.i3i^° 
volcanic-     -----     i     -    ^,468 


.003 

.188 


1        ^ ' 


Chryfolitc    -    -    -;    •-  -    -    -;  -.  ■-.'  [' .  ^ 

Icdandic  agate      -    -    -    -    *.    -    -  -  -   8.<J48 
Rubellitc  or  red  ftiorl  of  Siberia      -    -    -   3,100 

-ShOrl 


8b        pftftc  Spuifu  Gravities  ^Btt^es. 


Shor! 
ShorUte 


Tounnalia 


JSdelite,  or  Siliceous  !2eolit^ 
Lapis  lazuli  .  .  ^  .  . 
Chryfoprafium-    -    >    .    . 


Opal    .-.,.. 

Hyalite  or,  Lava  Glafi    - 
Galcedony  ^    .    «    .    . 


«.'-.-    - 


Cornelian    ->-.--..__ 


Cat's  Eye 


Flrnt 


Hornftone  -—--..k.-. 


J«^ 

J£gyptian  jwbble  •    .    .    . 
Sinople  •-•.... 


b    « 


SpccGrtw 

2*920 
3,212 

3.530 

3/>50 
3»«5S 

a,5»5 
2,760 
2.945 
2,489 

1.7^ 
2,118 

2,1 10 

2,600 

2,665 

2.597 

2,630 
2,560 

2,660 

a,58o 
4,630 

2,653 

«,5o6 
2,820 


Heliotropium  •    -    .    . 


-    -  2»5^4 
-    -    -    -   2,691 

-   .  -  5  2.620 

L    2,700 
Woodftono 
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Sp«c  Gran 

Woodftone     .-..•-.--■?    ^;°^J 


Fclfpar 


Labradore  flone 


Agates 


Strontian  earth 


Corundum  (lone,  or  adamantine  fpar    - 


Granites 


Chalk 


Arenaceous  limeftone 
Compact  Itmeftone 


Foliated  Umeflone 


Common  fpar 


Marbles 
Gypfum 


Aerated  barytes 


a,437 
2,600 

2,670 
2,692 

2,580 
2,666 

3,400 
3.644 

3.876 
4,166 

2.538 
2,956 

2,657 

2,74a 

1,386 
2,720 

a,7»o 
2,837 

2>778 
2,700 
2,167 

2,3" 

4.300 

4,338 


VOL.  II. 


Barofeleoite 


700 
8oQ 
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Spec*  Grar« 

BMofelenite "    -    "   |    ^865 

Lap'is  hepaticus    .^------2,666 

TaUc,  common,  or  Venetian  -    "    -    '  7    ^ 

f  before  it  has  abforbed 

I     any  water  -    -     -    2,583 

Indurated  fteatites  <  ^     ,     .      .    , .,    , 

I  after  having  imbibed 

L    water  -    -    -    -    a^G^a 

Bafalt  from  the  Giant V  Caufeway  -  -  -  2,864 
Pumice-ftone  ---^-----0,914 
Oriental  pearls      --------2,683 

(oriental  cdourlefs      -     -     -p     ^  3j5Q'1 

oriental  rofe-coloured      -    -    -  S^SS^ 

oriental  orangp-colourcd  -    -    -  3,550 

*^"**"^"^Noriental  green-coloured   -     -     -  3,523 

oriental  blue-coloured     -     -     -  3»5^5 

Brazilian    -------  3>444 

^[cohefive {     ^^X 

Mineral  tallow     --^-..-^-    0,77a 


Native  mineral  carbon,  or  pit-coal  •    -  •) 
plumbago  -.-----•.-| 

Sulphur  I 


1,40a 

1,987 
2,089 

nativi^  - --    2,033 

ftifcd     -.-^..--    1,990 

Amber 


Amber 


Of  tke  Specffie  Ornvrties  tf  WoJks.         «3 

Spec.  Grav. 

i,oSo 


I 


2,520 


Glafs 


white  flint        ^     -     •     -     .  about 
crown    -------  about 

cdnimon plate      -.   -     -     -about    2,760 
yellow  prfate     -^     -----     -    2,520 

white,  or  cry-ftal>  -of  (France  •     *    -   2^89^* 
St.  Gobin's      -     •     -     -     -     -     - 


rChma-     ---.•-•• 

PorcelaiA  -<  Seres  -------- 

(.from  Saxony       -     -     -    ^     - 

Cooal     \  t^^^Went      -      -     -     -     -     . 
'^     i  of  Madagafcar  -and  China     -     - 


Ambergris 


\ 


Cofiilnomrofin      -    -    -    ^ 
SatKkrac    ------ 

Maftic      -      -    -  .  ^    -     - 
Storax  ------- 

Elemi  r '.--'--    - 
Labdanum      .     -     -     -     - 

Rcfm  or  gum  of  guaiac  -     - 
ReTtn  of  jalap       -     -     -     - 

Dragon^s  blood    -    -    -    - 

Gum  lac    -     -    -    '^     -     - 

Elaftic  gum,  or  CaoutcTiouCy  comthoflly  ) 

called  India  rubber      -    - 
Camphor  ------ 

<5mn  ammoniac  -    -  ■  -    - 
Myrth      --.--• 

02 


i 


ft»3«4 
a,i45 
2*4-95 

«,045 
0,780 

i»o.7» 
1,09a 

1.074 
1,109 

1,^1  is 
J, 104 

^>9ZZ 

-  0,988 

-  iA<^ 

-  t,3^o 
Gambc^e 
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•S()ec.  Grar* 

Gamboge  -----.----    1,221 

.Scammony      -------  about    1,235 

Aflafoetida       ---------1,327 

Sarcocolla  --•----'----    1,268 

Gum  arable     --.-------    1,45a 

Gum  tragacanth  -     -     --     -     -     -     -1,316 

Infpiffated  j uice  of  liquorice  -     -     -     -     -    1,722 

Opium -'"^^ZZ^ 

Indigo  --------••.    0,769 

Arnotto     ----------    0,595 

Yellow,  or  bees,  wax  -------   0,965 

White  wax      ---------    0,968 

Dry  ivory  ----------    1-5825 

Spermaceti      ---..----  .0^943 

Honey-    ----------    I^450 

Fat  of  beef,  veal,  mutton,  &c.     -    -     -  •?       ''  « 

\    0,948 

Heart  of  oak,  60  years  old   -    •     -     -     -  1^170 

Cork     -----------  0,240 

.Trunk  of  elm       --------  0,67 1 

Trunk  of  a(h  ---------  0,845 

Beech  wood     ---------  0,85* 

Alder  wood    ---i------  0,800 

Maple  wood    ---------  0,755 

Walnut  wood  ---------  0,67  x 

Willow       *     J    -*--.---  0,585 

Fir  wood     ---------i       '1^_ 

t    0,550 

Poplar  wood    •-*----'-!.    -    0,383 

White  Sps^niih  poplar  WQod      -    -    .    -   0,52^ 


Of  the  Specific  Gravities  of  Bodies.  85 

Spec.  Gn?. 

Apple  tree     ^------•-  0,661 

Quiace  tree    --------    -^0,793 

Medlar  tree    ---------   0,944 

Plumb  tree      -,-.-.---v  0,705 
Olive  tree.  ----------   0,927 

Cherry-tree     ---------   0,715 

Filbert  tree     ---------    0,600 

French  box  wood       -------   0,912 

Dutch , box  wood  -    -------    1,328 

Dutch  yew  tree     -     -     -     -     -    -    -    -   0,788- 

Spanifli  yew  tree  --------   6,807 

Spanifli  cyprefs  wood  -     -    -    -  *  -    -     -   0,644. 

American  cedar  tree  ------'-   0,560 

Pomegranate  tree  -     -    -     -    -    -    -    -I9354 

Spanifh  mulberry  tree     -     -     -  ,  -     -    -    0,897 
Lignum  vitas  ---------    1,333 

Orange  tree     -     --------    0,705 

Red  Brazil  wood        -------    1,031 

Logwood   -------    0--   0,913 

Saffafras     ----------   0,48  2 

Peruvian  bark      -     -    -    -    -    -    -    -   0,784 


G  i  Diftilled 
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Dift'riled  Water,  or  Rain  Water,  at  the  foUowinj 
Degrees  of  Temperature,  Fahren.  Therm. 


Rbat. 

Spec«  Orav. 

30 

I/DOO74 

^^ 

1 ,0007  8 

34 

1,00082 

.  ^3 

1,00085 

34 

1,00088 

3S 

1,00090 

36 

1,00092 

37 

1,00093 

38 

F,00094 

39 

1,00094 

40 

1,00094 

41 

1,0009:^ 

42 

1,00092 

43 

1,00090 

44 

1,00088 

45 

i,poo86 

46 

1,00083 

47 

J, 00080 

48 

1,60076 

49 

1,00072 

50 

1,00068^ 

51 

1,00063 

52 

1 ,00057 

S3 

1 ,0005 1 

54 

1 ,00045 

55 

1,00038 

56 

1 ,0003 1 

57 

1,00024 

Heat. 

58 

59 
60 

61 

62 

64 

65 
66 

67 

H 

70 

71 
72 

73 
74 

75 
76 

77 
78 

79 
80 

85 
90 
SS 

(OO 


Spec.  Orjnr. 
1,00016 
1,00008 
1,00000 
0,99991 
0,99981 
0,99971 
0,9996 1 
0,99950 

0.99939 
0,99928 

0.999 '7 
0,99906 

0,99894. 

0,99882 

0,99869 

0,99856 

0,99843 

0,^9830 
0,99816 

0,99802 
0,99788 

0,99774 

0.99759 
0,99681 

0,99598 
0,99502 
0,99402 


•  Phil.  TranC  vol.  for  179a;  Table  II.  p.  428;  and 
vol.  for  1794,  p>  382. 

Sea 


I 


« 


0/  tie  Specie  Gravities  tf  Sodies.  Sf 

Spee«GraT. 

Sea  water*     ---------  1,026 

Water  of  the  Dead  Sea      -     -     -    -     .  i>246 

Naphtha     -     -      ---.-..  0,847 

Petrol       .------..-  0,878 

Sulphuric,  or  vitriolic,  acid     -     -     -     -  1*841 

Nitric  acid     ---------  1,272 

Muriatic  acid     --------1,194 

Red  acetous  acid      -------  1^025 

White  acetous  acid       ------  1,014 

Diftilled  acetous  acid     *     -     -     -     -     -  1,010 

Acetic  acid    ^------.-  1,06^ 

Solution  of  cauftic  amtlioniac,  or  fluid  vola- 
tile alkali    ---------  0,897 

Spirit,  or  volatile  oil,  of  turpentine      -    -  0,870 

Liquid  turpentine     -     -     -     -     1     -     -  0,991 

Volatile  oil  of  lavender       -----  0,894 

Volatile  oil  of  cloves     -     -?----  i  ,036 

Volatile  oil  of  cinnamon     -----  1,044 

Oil  of  olives  ---------  0,915 

Oil  of  fweet  almonds     -    -----    -  0,917 

Lintfeed  oil---------  0,940 

Oil  of  poppy-feed     -*--*--  0,929 

Whale  oil      --.------.  0,923 

Woman's  milk    --------  1,020 

Mare's  milk  ---------  1,035 

Afs's  milk    ---------  1,036 


«■ 


*  Is  ikid  to  be  heavier  in  the  torrid  zone^  and  far  firom 
the  land. 

G  4  Goat's 


\ 


/ 
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Spec.  Grtf. 

Goafs  milk  ---------  1*034 

Ewe's  milk  ---------  1,041 

Cow's  milk  ---------  i>o33 

Cow's  \vhcy  -*-------  1,019 

Human  urine    -     - |    J^^^| 

Human  blood     --------     1,054 

CrafTamentum  of  human  blood      -     -     -     1,126 
Alcohol,  or  pure  fpirituous  liquor*     -     -■    0,798 

Spirit 

♦  The  reftification  of  fpirits  (whether  from  wine,  or 
rumror  malt-liquor,  for  it  feems  to  be  all  the  fame  thing) 
has  been  carried  to  a  very  great  degree  of  perfection,  by 
means  of  repeated  flow  di filiations,  together  with  the  ad- 
dition of  alkaline  falts,  which  have  a  very  great  power  of 
abforbing  the  aqueous  part  of  the  liquor.  The  lighted  fpirit, 
which  I  find  recorded,  was  ufed  in  France,  by  Chauflicr,  the 
fpecific  gravity  of  which  is  flated  at  0,798.  Sec  I'Ency- 
clopedie  Method! que,  art.  AlcohoU  In  England  it  has  been 
obtained,  not  without  extraordinary  care  and  attention,  of 
the  fpecific  gravity  0,813.  ^l^^l*  Tranf.  vol.  for  1790, 
p.  324.  But  with  moderate  attention  it  may  be  conflantly 
obtained  of  the  fp.  gr.  0,82514,  and  of  this  quality  was  the 
fpirit  which  was  ufed  by  Mr.  Gilpin  in  his  experiments  for 
the  conftrtiftion  of  his  very  accurate  Tables,  wherein,  for 
convemency*6  fake,  the  trifling  fradion  0,00014  was  omtt- 
ted  (fee  the  Phil.  Tranf.  for  the  year  179Q,  artide  XVIII; 
for  the  year  1792,  art.  XXII  s  and  for  the  year  17941  art. 
XX.);  from  which  the  above  fpecific  gravities  of  water,  of 
fpirit,  and  of  the  mixtures  of  water  and  fpirit,  have  been  cx- 

tradted. 

The 


X)f  the  ^ectjic  Gravities  of  Bi^iesi        89 

Spec.  Orav« 

Spirit  xifed  for  the  Tables  which  arc  in- "I     ^  g- 
ferted  in  the  Phil.  Tranf.  for  1794  -  J 

Proof-fpirit,  according  to  the  Englilh  Ex- 
cifc  Laws*     -      -------0,916 


Specific   Gravities,  at  different  Temperatures,   of 
Spirit,  whofe  Specific  Gravity  at  60*  is  0,825. 

HcaU  "  S.ec.  Grav. 

JO*     ----------     0,83896 

35*     -----    V  ^    -    -    -    0,83672 

.  40*        -       -       -       -       - 0^834+5 

45^ -^    0,832  [4 

50*     '...------     -     0,82977 

55^     -    ^ 0,82736 


i^— ^—     III. 


The  laft-mcntioncd  gentleman  having*  procured  a  fpeci- 
mcn  of  fpirit  of  fuperior  levity,  its  fpecific  gravity  being 
0,814196  at  60°  of  temperature,  endeavoured  to  afcertaia 
what  addition  of  water  it  might  require  in  order  to  equal  his 
ftandard  fpirit  j  and  upon  trial  found  that  when  1000  grains 
of  it  were  mixed  with  45  grains  of  water,  the  fpecific  gra- 
vity of  the  compound  was  0,825  ^  53?  which  may  be  confider- 
ed  as  cxaiSUy  equal  to  that  of'  his  ftandard  fpirit.  Phil. 
Tranf.  for  1790,  p.  340. 

♦  From  the  heft  interpretation  of  the  exifting  A(Sh 
of  Parliament,  it  feems  that  the  fpecific  gravity  of  what  is 
called  proof-fpirit^  is  0,916;  and  that  it  confifts  of  160 
parts  of  reSified  fpirit  of  the  fpecific  gravity  0,825,  and  62 
'  parts  of  water  by  meafure,  or  75  by  weight;  the  whole  at 
60^  of  heat.  (Dr.  Blagdcn's  Report,  Phil.  Tranf.  for  1790, 

P-  339) 


Heat. 


$0  Qf  iJte  Spedfic  Gravities  tf  MteHts. 

H«t»  Spec*  Grtf4 

6o'  .----..---  o,8'a50c> 

65^  ----------  0,82262 

75*  --*----.-•-  0,81780 

80*^ 0,81530 

85'  -------'-.    -  0,81283 

90*  ----------  0,81039' 

95* 0^80788 

:ioo*  -..------.  0,80543 


Rcul  Specific  Gravities  of  Mixtures  of  Spirit  (of 
the  above-mentioned  Quality)  and  Diftilled 
Water,  at  different  Temperatures.* 


100  grains  of 

ioo  grains  0^ 

100  grains  of 

100  grains  of 

Keat. 

fpiritco  5  {rajn:^ 

^fplrlttd  10  grains 

fpiric  to  15  grains 

fpiric  to  zognins 

of  water. 

of  water* 

of  water* 

of  water. 

30"- 

0,84995 

0,85957 

0,86825 

0,87585 

3^ 

0,84769 

0,85729 

0,86587 

0.87357 

40 

0,84539 

0,85507 

0,86361 

0,87134 

4$ 

0,84310 

0,85277 

0,86131 

0,86907 

SO 

0,84076 

0,85042 

0,65902 

0,8667ft 

'JS 

0,83834 

0,84802 

0,85664 

0,86441 

60 

0,83599 

0,8^68 

0,85430 

0,86208 

6S 

0,83362 

0,84334 

0,85193 

0,85976 

70 

0^3124 

0,84092 

0,84951 

0,85736 

1^ 

0,82878 

0,83851 

0,84710 

0,85493 

80 

0,82631 

0,83603, 

0,84467 

0,85248 

85 

0,82386 

0*83355 

0,84221 

0,85606 

90 

0,82142 

0,83111 

0,83977 

0,84762 

95 

0,8 1888 

0,82860 

0,83724 

0,84511 

100 

0,81643 

0,82618 

0,83478 

0,84262 

•  By  rtAl  fpe(ific  gravitiet,  are  meant  the  fpeci/ic  gravities  found  by  ac- 
tual trial,  and  not  thofe  which  might  have  been  computed  fiom  the  quan- 
tities of  the  ingre'dientl.  The  latter  do  not  agree  witji  the  former,  on  '«.c- 
count  of  (tie  incorporation  or  lofs  of  bulk  which  takes  place.     See  page  51. 

c^  Heae. 
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1 

too  grains  of 

100  grains  of 

100  grains  of 

100  grains  of 

Hoc 

fpirit  to  25  grains 

fpirit  to  30  grains 

fpirit  to  35  grains 

fpirit  to 40  grain! 

of  wacer* 

of  water. 

of  water. 

•f  water. 

3«». 

o»88^8z 

0,88921 

0,89511 

0,90054 

35 

0,88059 

0,88701 

0.89294 

0,89839 

•40 

0,87838 

0,8848 1 

0,89073 

0,89617 

4S 

0,87613 

0,88255 

0.88849 

0,89396 

SO 

0,87384 

0,88630 

0.88626 

0,89174 

SS 

0,87150 

0,877^6 

0,88393 

0,88945 

60 

0,86918 

0,87568 

0,88169 

0,88720 

65 

0,86686 

0.87337     . 

0,87938 

0,88490 

70 

0,86451 

0,87105 

0,87705 

0,88254 

75 

0,86212 

0,86864 

0,87466 

0,88018 

80 

0,35966 

0,86623 

0.87228 

0,87776 

85 

9*85723 

0,86380 

0,86984 

0,87541 

90 

0,85483 

0,86139 

0.86743 

0,87302 

95 

0.85232 

0,85896 

0,86499 

0.87060 

100 

0,84984 

0,85646 

0,86254 

0,86813 

too  grains  of  . 

100  grains  of 

100  grains  of 

• 

100  grains  of 

Heat. 

fpirit  to  45  grains 

fpirit  to  5ograins 

fpirit  to  55grai>is 

fpirit  to  60  grains 

of  water. 

of  water. 

of  water. 

1 

of  water. 

30* 

0,90558 

0,91023 

0,91449 

0,91847 

3S 

0,90345 

0,908 1 1 

0,91241 

0,91640 

¥> 

0,90127 

0,90596 

0,91026 

0,91428 

♦S 

0,89909 

0,90380 

0,90812 

0,91211 

50 

0,89684 

0,90160 

0,90596 

0,90997 

|5 

0,89458 

0,89933 

0,90367 

0,90768 

60 

0,89232 

o,897P7 

0,90144 

0,90549 

65 

0,89006 

0,89479 

0,89920 

0,90328 

■70 

0.88773 

0,89252 

0,89695 

0,90104 

75 

0,8853^ 

0,89018 

0,89464 

0,89872 

80 

0,88301 

0,88781 

0,89225 

0,89639 

«$ 

0,88067 

0,88551 

0,88998 

0,89409 

90 

0,87827 

0,88312 

0,88758 

0,89173 

95 

0,87586 

0,88069 

0,88521 

0,88937 

100 

0,87340 

0,87824 

0,88271 

1 

0,88691 

«eat. 
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100  grains  of 

xoo  grains  of 

100  grains  of 

100  grains  of 

§U^%. 

fpirit  to  65  grains 

fpiritto  70  grains 

fplric  to  75  grains 

fpiritto  80  grauBS 

of  water. 

of  water. 

of  waUr. . 

.    of  water. 

30^ 

0.92217 

0,92563 

0,92889 

0,93191 

35 

0,92009 

0*92355 

0,92680 

0,92986 

40 

0,9x799 

0,92151 

0,92476  . 

0,92783 

45 

0.91584 

0.91937 

0,92264 

0,92570 

50 

0.91370 

091723 

0,92050 

0,92358 

55 

0.91 144 

0,91502 

0,91837 

6,92145  , 

60 

0.9c  92  7 

0,91287 

0,91622 

0,91933 

65 

0,90707 

0,9X066 

0,91400 

0,9171^ 

70 

0,90484 

0.90847 

09x181 

0,91493 

•:'5 

0*90252 

0,906x7 

0,909^2 

0,9x270^ 

So 

0*9002 1 

0,90385 

0,90723  , 

0,91042 

85 

o,3g793 

0,90157 

0,90496 

0,908x8 

90 

0*89558 

0,89925 

0,90270 

0,9059a 

9S 

0,89322 

0.89688 

0,90037 

0,90358 

100 

0189082 

0*89453 

0,89798 

0,90123 

icograintof 

* 
100  grains  of 

100  grains  of 

100  grains  of 

Heat. 

fpiritto  85  grains 

fpiritto  90  grains 

fpiritto 95  grains 

fpirl\  to  100 

of  water. 

of  water. 

of  water. 

grains  of  water. 

•  300 

0,93474 

0.93741 

0,93991 

0,94222 

35 

0,93274 

0,93541 

0.93790 

0,94025 

40 

0,93072 

0.9334"- 

0,93592 

0,93827 

45 

0,92859 

0,93x31 

0,93382 

0,93621 

S<^ 

0,92647 

0,929x9 

0,93177 

0,93419 

55 

0,92436 

.  0,92707 

0,92963 

0,9320s 

60 

0,92225 

0,92499 

0,92758 

0^3002 

^5 

0,920x0 

0,92283 

0,92546 

0,92794 

70 

091793 

0,92069 

0,92333 

0,92580 

75 

0,91569 

0^9x849 

0,92111 

0,92364 

80 

0,91340 

0,9x622 

0,91891 

0,92142 

85 

10,91119 

0.91^03 

0,91670 

0,91925 

90 

0,90891 

0,91177 

0,91446 

0,91705 

95 

0,90662 

0,90949 

•0,91221 

0,91481 

100 

0,90428 

0,90718 

0,90992 

0,9125a 

Heal;. 
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- 

95  grains  of  rpirit 

90  grains  off pirit 

S^  grains  of  fpirit 

80  grains  of  fpirit 

Heat. 

CO  100  graiDS 

to  100  grains 

to  100  grains 

to  J  00  graijM 

of  water. 

-    of  water. 

of  W4ter. 

of  water. 

300 

0,94447 

0,94675 

0,94920 

0,95175      ' 

35 

0.94249 

0,94484 

0,94734 

0,94988 

40 

0,940^-8 

0,94295 

0.94547 

0,94802 

45 

0,9^860 

0,94096 

0,94348 

0,94605 

50 

0,93653 

0,93897 

0,94149 

0,94414 

55 

0,9345^ 

0,93696 

0,93948 

0,94215 

60 

0,93247 

0*93493 

0,93749 

0,94018 

65 

0,93040 

0,93285 

0.93546 

0,93822 

70 

0,92828 

0,93076 

093337 

0,93616 

75 

0,92613 

0,92865 

0,9313a 

0,93413 

80 

0,92393 

0,92646 

0,92917 

0,93201 

85 

0,92179 

0,92432 

0.92700 

0,92989 

90 

o«9i962 

0,92220 

0,92491 

0,92779 

95 

0,91740 

0,91998 

0.92272 

0,92562 

aoo 

0,91513 

0,91769 

0,92047 

< 

0,92346 

« 

^gninsoffpirh 

70  grains  of  fpiric 

65  grains  of  fpirit 

60  grains  of  fpidt 

Hot 

to  100  grains 

to  100  grains  - 

CO  roo  gr£ins 

Co  100  grains 

of  water. 

of  water. 

of  water. 

of  water. 

30* 

0'95^*9 

0,95681 

0,95944 

0,96209 

35 

0,95246 

0,95502 

0.95772 

0,96048 

40 

0,95060 

0,95328 

X)  95602 

0,95879 

45 

0,94^71 

0,95143 

0,95423 

0,95705 

50 

-0,94683 

0,94958 

0,95243 

0.95534 

55 

0,94486 

0,94767 

0,95057 

0.95357 

60 

0,94296 

0.94S79 

0,94876 

o,95iSl 

65 

0,94099 

0,94388 

0,94689 

0,95000 

70 

0,93898 

0,94193 

0,94500 

0,94813 

75 

0,93695 

0,93989 

0)94301 

0,94623 

80 

0,93488 

0,93785 

0,94102 

0,9443 1 

«5 

0,93282 

0,93582 

0,93902 

0,94236 

90 

0,9307  5 

0,93381 

0,93703 

0,94042 

95 

0,92858 

0,93170 

0,93497 

0,93839 

100 

0,92646 

0,92957 

0,93293 

0,93638 

Heat,     , 
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Heat. 

35 

40 

45 

50 

55 
60 

65 

70 

75 
80 

85 
90 

9i 

ICO 


Hear. 

35 

^o 

■   45 

50 

55 

65 

70 

75 
80 

85 
90 

95 

100 


55  grains  of  rpirlt 

to  ICO  grains 

of  wacer. 

0,96470 
0,96315 
0,96159 

o»95993 
0,95831 

0,95662 

0*95493 
0,95318 

o>95'39 

o»94957 
0,94768 

0,94579 
o  94389 

0,94196 
0,93999 


50grainsr>f  fplrit 

to  TOO  grains 

of  water. 

0*96719 
0,96579 
0,96434 
0,96280 
0,96 1 26 
0,95966 
0,95804 
0,95655 
0,95469 
0,95292 
0,95111 
0,94932 
0,94748 
0,94563 
0,94368 


45  grains  of  fpirit 

to  ICO  grains 

of  wacert 

0,96967 

0,96840 

0,96706 

0,96563 

0,96420  > 

0,96272 

0,96122 

0,95962 

0,95802 

0,95638 

0,95467 

o,95?97 
0,95123 

0,94944 
0,94759 


40  grains  off  pi  fit 

to  ICO  grains 

of  water. 

0,97200 
0,97086 
0)96967 
0,96840 
0,96708 

0,96575 
0,96437 
0,96288 
0,96143 
0,95987 
0,95826 
0,95667 
0,95502 
0,95328 
0,95152 


^^g^ainsof  fpirii 

to  100  grains 

of  water. 

0,97418 

0.97319 
097220 

0,97110 

o  96995 

0,9:877 
0,96752 

0,96620 

0.96484 

0,96344 

0,96192 

0,96046 

0,95889 

0,95727 
0.95556. 


30grainsoffpirit 

to  ICO  grains 

of  water. 

o  97635 

0,97556 

0,97472 
0,97384 

0,97284 

0,97181 

0,97074 

0,96959 

0,96836 

0,96708 

0,96568 

0,96437 

0,96293 

0,96^139 

0,95983 


1 5  grains  off  pi  rit 

to  100  grains 

of  water. 

0,97860 
0,97801 

0,97737 
0,97666 

0,97589 

0,97500* 

0,97409 

0,97309 

0,97203 

0,97086 

0,96963 

0,96843 

0,967 1 1 

o  96568 

0,96424 


lograinsoffpirlt 

to  100  grains 

of  wftter. 

0,98108 
0,98076 
0,98033 
0,9798a 
0,97920 
0,97847 

o>9777» 
0.97688 

0,97596 

0,9749? 

0,97385 
0,97271- 

0,97153 

0.97025 

0,96895 


Neat. 
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t^mmmtmft 


30» 

35 
40 

45 

II 

^5 

70 

75 
Bo 

«5 
90 

95 
100 


f  5graint  of  fpirlt 

to  100  grains 

of  water. 

0,98412 
0,98397 

0*98373 
0,983)8 

0,98293 

0,98239 

0,98176 

0,98106 

0,98028 

0.97943 
0,9784s 

o»97744 
0,97637 

o»97S*3 
0,97401 


..■^ 


10  grains  of  fpirit 

5  grains  of  fpirit 

10  100  grams 

to  loograiat 

of  water. 

of  water. 

0,()S804 

0*99314 

0,98804 

099344 

0,98795 

0.9934? 

0,98774 

0.99338 

0,98745 

0,99316  . 

0,98702 

0,99284 

0,98654 

0,99244 

0,98594 

0,9^^194 

0,98527 

0,99134 

0,98454 

0,99066 

0.98367 

0,98991 

0,98281 

0,98912 

0,98185 

0,98824 

0,98082 

0,98729 

0,97969 

0,98625 

^dw. 


Sulphuric,  or  vitriolic,  ether       -       -  0,7396 

Nitric  ether    - 0,9088 

Muriatic  ether       -----  0,7296 

Acetic  ether     -.----  0,8664 

^  \      r  \^     fate*  of  heat     0,001^02 

Common,  or  atmotphe-  ^f^ 

rical,  c^ir,*  the  mercu- J  at  32*^  of  heat  0,001299 
ry  in  the  barometer  j  at  6o<»  of  heat  0,001220 
being  29,75  ^\  high,  (^,t2i2-ofheat  0,000938 

Azotic 


*  Tlie  fpecific  gravity  of  common  air  is  not  conftantly 
die  £une.  It  increafes  when  the  mercury  rifes  in  the  ba- 
rometer, and  vice  verfa*    Air  is  alfo  expanded  by  heat,  and 

is 
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Azotic  -gas*  -  barcMmeter  at  29,75  ^"*  ^f^^  14^ 
Oxygqn  gas*  -  barometer  at  29,75  *°.  0,001305 
Hydrogen  gas*  -  barometer  at  29,75  *".  0,000091 
Carbonic  acid  gas*  barometer  at  29,75*°.  o>ooi68z 
Nitrous  gas*  -  barometer  at  29,75  **.  0,001411 
Ammoniacalgas*  barometer  at  29,75  *°.  0,000706 

Befides  fliewing  the  comparative  gravities  of  bo- 
dies, which  arc  .to  be  feen  by  bare  infpedion,  the 
great  ufe  of  a  table  of  fpecific  gravities  is  for  afcer- 
taining  the  real  weights  of  bodies,  and  that  with- 
out ailually  weighing  them,  when  their  dimenfions 
are  known,  according  to  what  has  been  already 
explained  in  page  43.  But  for  this  purpofe  it  is 
neccffary  to  know  the  real  weight  of  a  deterxni- 

■ 

is  contrafled  by  cold,  though  not  regularly ;  the  greateft 
.  cxpanfion  taking  place  between  the  degrees  52*  and  72*  of 
FalTrenheit^s  thermom)?ter,-and  the  leaft  at  about  2  22*. 
But  the  cxpanfion  for  the  fame  degrees  of  heat  alfo  varies 
according  to  the  quantity  of  moifture  in  the  air,  and  to  the 
altitude  of  the  mercury  in  the  barometer.  When  this  al- 
^tudc  is  29,7s  and  the  air  is  in  a  mean  ftafe  of  moifture. 
It  then  receives  an  addition  of  0,484  to  its  bulk  by  the  heat 
of  2i-°>  viz.  a  given  meafure  of  airat  0**  becomes  1,484 
meafure  at  212*,  in  which  cafe  the  mean  rate  of  cxpanfion 

for  each  degree  is  (^^i-l  —  j  0,002283. 

*  Thofe  gafles,  or  artificial  airs,  are,  befides  the  influence 
of  prcfliire  and  heat,  more  fluftuating  in  their  fpecific  gra^ 
vilies.  7'he  above  ftatements  muft  be  underflood  of  their 
pureft  ftates* 

nato 
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note  bulk  of  one  of  the  fubftances  that  are  men-- 
tioned  in  the  table.  Now  fmce  water  has  been  afir 
lunied  as  the  (landard  of  comparifon  for  the  fpecU 
fie  gravities  of  all  other  bodies,  it  will  be  mor^ 
convenient  to  know  the  real  weight  of  a  certaia 
quantity  of  water,  viz.  a  cubic  inch,  or  a  cubiQ 
foot  of  it,  than  of  any  other  body. 

Though  at  firft  fight  it  may  appear  eafy  to  de* 
termine  the  real  weight  of  a  certain  bulk  of  water, 
yet  the  reader  may  reft  afiured,  that  this  deter«- 
mination  is  attended  with  very  great  difficulties, 
which  arife  from  the  imperfedions  of  the  balance, 
df  the  weights,  of  the  meafures  which:  are  employ-* 
ed  for  meafuring  the  bulk,  &c,—  From  the  raoft 
accurate  experiments,  performed  with  the  beflin^ 
ftruments,  and  with  all  the  precautions  which  the 
prefent  ftate  of  philofophical  knowledge  can  fug- 
geft,  it  has  been  afcertained  that  a  cubic  inch  of 
diftilled  water  at  Xhi  temperature  of  60^  weighs 
252,576  grains  troy;  5760  of  which  grains  ^c 

equal  to  one  pound  troy.^ 

The 

*  This  weight  has  been  calculated  for  the  temperature 
of  60%  from  the  ftatemeut  of  Sir  George  Shuckburg  Eve- 
lyn's elaborate  paper  in  the  Phil.  Trans*  for  the  year  1798} 
where,  afcer  the  recital  of  his  numerous  experiments,  this 
author  exprefles  bimfelf  thus  —  ^^  In  concluiion  it  appe^r^ 
<<  then  that  the  diSbrence  of  the  lengths  of  two  pendulums, 
^^  (iich  as  Mr.  Whitehurft  ufed,  vibrating  42  and  84  times 
^  in  a  minute  of  mean  time,  in  ihe  latitude  of  London,  ac 
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The  general  rule  for  determining  thc^  real 
weight  of  any  fubftance  which  is  mentioned  in  the 
preceding  table,  when  its  bulk  is  known,  and  is 
exprefled  in  cubical  inches,  or  by  any  other  di- 
xnenfion  which  may  be  reduced  into  inches,  is  as 
follows.  Multiply  the  weight  of  a  cubic  inch  of 
water  by  the  number  of  cubic  inches  which  ex- 
prcfTes  the  bulk  of  the  body  in  queftion,  and  mul- 
tiply the  produft  by  the  fpecific  gravity  of  the 
body  in  queftion.  The  laft  produft  exprefles  the 
real  weight  of  the  body. 

Thus  if  it  be  propcfed  to  determine  the  weight 
of  10  cubic  inches  of  carbonic  acid  gas,  which  is 
the  laft  fubftance  but  two  in  the  table,  and  whofe 
ipecific  gravity  is  0,001682;  multiply  the  weight 
erf  a  cubic  inch  of  water  by  ten,  and  the  produft 
will  be  2525,76;  then  multiply  this  produft  by 
0,001682,  and  the  produft  4,2483283,  will  expreft 
the  weight  in  grains  of  ten  cubic  inches  of  carbo- 
nic  acid  gas,  viz.  4J  grains  nearly,  at  the  teqi- 
perature  of  60%  and  when  the  barometer  ftands  at 
29,75  ^^ches. 

<*  XI3  feet  above  the  level  of  the  fea,  in  the  temperature  of 
*^  60^,  and  die  barometer  at  30  inches,  is  z=  59)89358  ior 
<^  ches  of  the  parliamentary  ftandard ;  from  whence  all  the 
**  meafures  of  fuperficies  and  capacity  are  deduciWe.'? 

*'  That  agreeably  to  the  fame  fcaie  of  inches,  a  cubic 
^  inch  of  pure  diftilled  water,  when  the  barometer  is  at 
^  29,74  ihches,  and  thermometer  at  66%  weighs  252,422 
^  parliamentary  grains  J  from  whence  all  the  other  weights 
f/  may  be  derived.'*  ^    * 
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-     CHAPTER    IV. 

OF    THE    ACTIONS    OF    NON^ELASTIC     FLUIDS    IN 

MOTION. 

HITHERTO  we  have  explained  the  equi- 
librium of  fluids,  or  the  properties  of  fluids 
in  a  quiefcent  ftate.  It  is  now  neceffary  to  ex- 
amine the  laws. which  relate  to  the  fame  when  in 
motion. 

Fluids^  like  folids,  are  poffefled  of  the  general 
properties  of  matter,  fuch  as  have  been  dated  and 
illuftrated  in  the  firft  part  of  this  work;  and 
^mongft  thofe  general  properties  the  inertia ^  and 
the  force  of  gravity  have  been  (hewn  to  form  the 
foundation  of  the  dodrine  of  motion.  It  ha$ 
been  ob&rved  that  in  pradical  cafes  the  theoreti- 
cal laws  of  motion  cannot  be  verified  to  a  great 
degree  of  exaftnefs,  on  account  of  the  fluftuating 
refiftance  of  the  air,  and  of  the  fridion  between 
the  various  moving  parts  of  contiguous  bodies. 
But  befides  thefe,  fluids  are  obftruded  in  their  mo-r 
tions  by  the  attradbion,  adhefion,  or  vifcidity, 
amongft  their  own  particles;  by  their  adhefion  or 
attradion  to  other  bodies,-  and  likewife  by  fomo 
other  circumftanccs  which^  have  not^  yet  been  fuf- 
ficiently  invefligated. 

The  cxtenfiye  application  of  the  fubjeft,  and 
the  imperfedt  date  of  knowledge  relatively  to  it, 

U    2  fugrt 
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fu^cll  to  pcrfons  of  fcicnce  the  neccffity  of  inr 
ftituting  a  long  and  fcrious^  experimental  inveftir 
gat  ion,  which,  in  addition  to  the  difcoveries  and 
experiments  that  have  been  ahready  made  by  many 
able  perfons,  would  much  contribute  to  the  ad- 
vancement of  the  theory,  and  would  prove  very 
beneficial  to  mankind  in  various  refpefls,  as  in 
the  conftruftion  of  hydraulic  machines,  conftrucr 
tion  of  (hips,  navigation,  8cc. 

The  only  plan  which  we  can  at  prefent  adopt, 
isy  to  date  in  a  compendious  manner  the  principal 
proportions  which  relate  to  the  motion  of  fluids ; 
then  to  point  out  fome  of  the  deviations  from  the 
theoretical  rules  which  experience  has  clearly  Ihewn } 
and,  lailly,  to  refer  the  inquifitive  reader  to  the 
works  of  the  bed  authors  who  have  written  pro^ 
fefledly  on  the  fubjeft. 

Propofition.  I.  .  The  forces  of  a  fluid  medium  on 
^  plane  cutting  the  direElion  of  its  motion  with  different 
inclinations  fuccejfively^  are  as  thefquares  of  the  finex 
pf  thofe  inclinations  n 

Let  IKCH,  fig.  15.  Plate  X.  reprefent  a  flluid, 
for  inftance,  the  water  of  a  river  moving  from  IK 
towards  CH  j  and  let  GB  reprefent  the  edge  or 
feAion  of  a  plain  furface,  fituated  in  the  water, 
perpendicular  tp  the  furfece  of  the  witer,  but  in* 
clined  to  the  direftion  of  its  motion,  fo  as  to  make 
an  angle  DBG  with  it,  which  is  called  the  angle  of 
imcidenccy  ox  oi  inclination^     ' 
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Draw  the  quadrantal  arch  ABF,  make  AG 
{)erpendicular  to  the  dlredion  of  the  fluids  and 
from  B  drop  6D  perpendicular  to  AG.  Then 
AG,  or  its  equal  GB  is  the  radius,  and  GD  is  the 
fine  of  the  atigle  of  inclination  DBG.  Now  we 
have  to  prove  that  the  force  of  the  moving  fluid 
upon  the  plane  is  as  the  fquare  of  the  fine  DG ; 
viz.  that  if,  in  the  fituation  which  is  repfefentcd 
by  the  figure,  the  fine  or  line  GD  meafurc  four 
feet,  and  the  preflTiire  of  the  water  upon  the  plane 
be  equivalent  to  21 4-  pounds;  then,  when  the  plane 
is  fituated  at  another  inclination  GT,  where  the 
fine  GS  meafures  3  feet,  the  preflure  of  th/e  water 
upon  the  plane  will  be  equivalent  to  12  pounds; 
for  the  fquare  of  4  is  16,  the  fquare  of  3  is  9,  and 

• 

16  is  to  9  as  214-  is  to  12.  Alfo  when  the  plane 
Uds  in  the  fituation  GF,  which  is  in  the  direftion 
cir  the  motion  of  the  fluid,  then  the  preflure  upon 
it  vaniflies,  or  becomes  equal  to  nothing. 

In  order  to  prove  this  propofition  it  muft  be  re- 
collected, that,  according  to  the  laws  of  oblique 
impulfes^  the  force  is  to  the  efiedt  as  radius  is  to 
the  fine  of  inclination,  (fee  chap.  VIII.  of  Part  I.). 
Therefore  in  the  prefent  cafe,  if  the  (ame  quantity 
of  water  fell  upon  the  plane  in  the  fituation  AG,' 
as  in  the  fituation  GB,  the  prefl!ures  upon  the  plane 
in  thofe  two  ficuatipns  would  be  as  AG  io  GD. 
But  it  is  evident  that  in  the  fituation  AG  a  greater 
quantity  of  the  fluid  falls  upon  the  plane,  than  in  the 
fituation  GB;  for  in  the  latter  fituation  the  part 

H  3  ADBC 
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ADBC  of  the  ftreara  does  not  meet  the  plane : 
hence  it  is  farther  evident  that  the  quanties  of  wa- 
ter which  fall  upon  the  plane  in  thofe  two  fitua- 
tions,  are  as  AG  to  CD,  and  thofe  different  quan- 
tities of  fluid  muft  prefs  forward  with  forces  pro- 
portionate to  their  quantities ;  viz.  as  AG  to  GD: 
but  the  preffures  on  the  plane  are,  on  account  of 
the  inclinations  only,  as  AG  taGD:  therefore,  m 
confequence  of  both  thefe  caufes  combined  to- 
gether, the  preflures  on  the  plane  in  the  two  fitua- 
tions  arc  as  AG  multiplied  by  AG,  to  GD  multi- 
plied by  GD ;  viz.  as  the  fquare  of  AG  (which  ia 
the  radius,  or  fine  of  the  perpendicular  direction) 
to  the  fquare  of  the  fine  GD.  And  the  fame 
reafoning  is  evidently  applicable  to  any  other  in- 
clination of  the  plane. 

It  is  alfo  evident  that  the  efFeft  or  preflure  on 
theplane  is' the  ^ame,  whether  the  plane  ftands  ftill 
and  the  fluid  moves,  or  the  fluid  is  at  reft  and  the 
plane  is  moved  towards  IK  in  a  direction  parallel 
to  its  original  fituati6n ;  viz.  with  the  fame  in* 
clination. 

Now  in  this  explanation  we  have  omitted,  feveral 
interfering  circumftances ;  we  have  not  taken  notice 
of  the  particles  of  water  after  they  Imve  toucheci 
the  plane;  for  thofe  particles,  after  that  meeting, 
muft  go  fomewherc.  They  cannot  return  towards 
IK,  for  that  would  be  prevented  by  the  current 
of  the  fluid  i  yfet  they  form  fome  oppofition  or 
impediment  to  'the  current,  and  that  oppofitbn 

varies 
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varies  according  to  the  velocity  of  the  current,  and 
the  inclination  of  the  plane.  The  water  therefore 
which  falls  upon  the  plane  muft  flow  over  the  edge 
of  the  plaoe  at  B,  and  in  a  diredtion  which  crofies 
the  original  dire^ion  of  the  flream^  as  b  indicated 
by  the  figure;  and  it  thus  forms  another  impedi-* 
ment  to  the  motion  of  the  dream,  which  contri- 
butes to  alter  the  law  which  is  exprefled  in  the 
propofition.  The  effect  of  this  laft  fort  of  ob- 
ftru6lion  is  fubjeft  to  very  great  variations,  which 
depend  upon  the  diftance  6f  the  bottom  and  (ides 
of  the  veflel,  or  banks  of  the  river,  from  the  plane  i 
upon  the  quality  of  the  fluid;  but,  principally, upon 
the  velocity  of  the  ftream ;  for  when  the  ftream 
moves  with  very  great  velocity,  the  water,  which, 
after  having  fl:ruck  the  plane,  £ows  over  the  edges 
of  it,  has  no  time  to  go  quite  behind  the  plane, 
but  is  prefled  forward  by  the  water  that  follows^ 
and,  inftead  of  going  behind  the  plane,  it  tends  to 
carry  away,  by  the  adhcfion  or  vifcidity  of  its 
parts,  the  water  which  it  already  finds  behind  the 
plane,  (fee  fig.  16,  Plate  X.)  :  hence  the  prcflTure 
on  the  plane  is  increaled  confidcrably  ;  becaufe  in 
that  cafe,  the  plane,  befides  its  being  prefled  on  one 
fide,  b  alfo  fupported  lefs  on  the  other  fide. 

We  have  alfo  omitted  to  take  into  the  account 
the  cffcft  of  fridlion,  which  arifcs  from  the  adhe- 
iion  of  the  water  to  the  plain  furface,  and  from 
the  attradion  amongfl  the  particles  of  the  water : 

H  4  but 
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but  thofe  caufes  of  ob(lru6lion  cannot  be  eafjf 
fubjefted  to  calculatioji,  (ince  they  depend  upon 
other  fludcuating  caufes;  fuch  as  the  nature, 
purity,  and  temperature  of  the  fluid,  the  nature 
of  the  plane,  and  the  velocity  of  the  motion.— 
It  is  in  confequence  of  this  adhefion  or  fridion, 
that  the  plane  fuifers  fome  degree  of  preflure,  even 
when  it  Hands  in  the  diredion  GF,  viz.  in  the  di- 
reftion  of  the  ftream. 

It  therefore  evidently  appears,  that  the  theory 
of  the  motion  of  fluids  depends  on  fome  certain, 
and  upon  other  fludtuating  caufes,  which  render 
the  invcftigation  of  it  extremely  difiicult  and  per- 
plexing. 

Thefe  remarks  on  the  various  caufes  which  ren- 
der the  refult  of  experiments  different  from  the 
deductions  of  the  theoretical  proportions,  are  alfo 
applicable  in  a  greater  or  lefs  degree  to  the  follow- 
ing profitions. 

Propofition  II.  If  the  inclination  of  the  plane^  im 
the  amftruSien  of  the  preceding  propqfitiony  remain  tii 

famey  and  the  velocity  of  the  fluid  varies^  then  tie 

» 

frejfwe  on  the  plane  varies  as  the  Jtfiare  of  the  ve^ 
locity, 

.  Thus,  if,  when  the  water  moves  at  the  rate  of  %. 
feet  per  fecond,  the  prefllire  on  a  certain  fixed 
plane  is  equivalent  to  lo  pounds ;  then,  when  the 
water  moves  at  the  rate  of  5  feet  pet  fecond,  the 
prcfTure  will  be  equivalent  to  tzk  pounds  j  for  the 
•^  -  fquare 
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iquare  of  2  is  4,  the  fquarfe  of  5  is  25,  and  4  is 
to  259  as  10  pounds  are  to  62f  pounds. 
■    IP  in  equal  times  the  fame  quantity  of  water 
ftruck  the  plane  with  different  velocities,  the  pref- 
liires  would  be  as  the  velocities ;  viz.  a  double  ve- 
locity would  produce  a  double  effed,  a  treble  ve- 
locity a  treble  effeft;  becaufe  the  momentum  is 
equal  to  the  product  of  the  quantity  of  matter  by  _ 
the  velocity ;  and,according  to  this  fuppofition,  the 
quantity  of  water  is  the  fame.     But  it  is  evident 
that  when  the  velocity  is  double,  a  double  quan- 
tity of  water  will  ftrike  againft  the  plane  in  an 
eqml  portion   of  time;  hence    the  prefTure    is 
doubled  on  account  of  the  velocity,  and   again 
doubled  on  account  of  the  double  quantity  of  wa- 
tcr;  fo  that  upon  the  whole  the  preffure  becomes 
as  2  multiplied  by  2,  or  as  the  fquare  of  2. —  For 
the  lame  reafon,  when  the  velocity  of  the  water  is 
trebled,  the  preffure  is  as  three  times  3,  or  as  the 
iquareof  3;  when  the  velocity  is  quadrupled,  the, 
preffure  is  as  the  fquare  of  four ;  and,  in  fliort,  the 
preflure  on  the  plane  will  be  as  the  fquare  of  the ' 
velocity.         # 

However,  on  account  of  the  above-mentioned 
caufes  of  obftrudtion,  this  increafe  of  preffure,  in 
proportion  to  the  fquare  of  the  velocity,  is  by  no 
means  very  regular,  nor  will  it  proceed  beyond  a 
certain  limit. 

The  refult  of  this  propofition  is  evidently  tlie 
lame,  whether  the  plane  be  fuppofed  to  remain 

■  fixed 
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fixed  and  the  fluid  to  move,  or  the  fluid  be  fupn 
pofed  to  be  at  reft  and  the  plane  to  be  carried 
through  it  with  the  fame  invariable  inclination. 
—  The  fame  thing  muft  likewife  be  undcrftood  of 
heavy  bodies  defcending  in  fluids. 

Propofition  III.  If  planes  of  different  dimenfi* 
ons  move  with  like  inclinations^  hut  with  different  ^tf- 
lodtiesy  and  in  different  fluids ;  the  preffure  upon  each 
plane  will  be  as  the  produSi  which  arifes  by  multiply- 
tng  tfiefquare  of  the  velocity  by  the  area  of  the  plane^ 
and  by  the  denfity  of  the  fluid  belonging  to  that  plane.  - 
For  it  is  evident  from  the  preceding  Propofition 
that  when  the  areas  of  the  planes  and  the  fluids 
are  alike,  the  preflures  are  as  the  fquares  of  the 
velocities  \  and  it  is  alfoevident^  that,  if  the  furface 
of  the  plane  be  doubled ,  (which  makes  it  equal  to 
twice  the  original  plane,)  or  trebled^  (which  makes 
it  equal  to  thrice  the  original  plane,)  &c.  the  pref- 
^  fure,  or  its  equal,  the  fquare  of.  the  velocity  will 
likewife  be  doubled  or  trebled,  &c.  Alfo  this 
doubled  or  trebled  fquare  of  the  velocity  muft  be 
again  multiplied  by  thedenfity  of  the  fluid  ;  for  a 

•  fluid  which  weighs  twice,  or  three  times,  or  any 
other  number  of  times,  as  much  as  another  fluid, 
muft  produce  a  double,  or  treble,  or  other  proper* 

•  tionate,  effeft. 

In  praftical  cafes  of  this  fort  the  refult  of  ex* 
perimcnts  has  been  found  to  differ  confidcrably 
from  the  theoretical  calculations,  which  difference 
is  produced  by  the  above-mentioned  fludluating. 

* 

Thus 
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Thus  far  we  have  confidered  the  quantity  of 

preflure  which  fluids  in  motion  pxcrt  upon  planes, 

or  planes  in  motion  receive  from  fluids  at  reft. 

The  particulars  relative  to  the  effefts  which  arc 

produced  by  that  preflure,  may  be  eafily  fuggefted 

by  the  recollection  of  what  has  been  already  flated 

and  explained  in  the  firft  part,  refpedling.  the  ef- 

fcds  of  dired  and  oblique  impulfes;  yet  it  will  be 

of  ufe  to  aflift  that  recoiled  ion,  by  briefly  obferv- 

ing,  that  a  body  which  receives  an  impreflion  from 

a  fluid,  will  be  driven  (or,  which  is  the  fame  thing, 

the  body  muft  be  fupported)  in  a  direftion  which 

is  cither  diredtly  oppofite,  or  differently  inclined, 

according  as  the  direftipn  of  the  preflurj  is  dtfeft 

or  inclined  in  a  greater  or  lefs  degree. 

Thus  let  ABHI,  fig,  i.  Plate  XI,  reprefent  a  cur- 
rent of  water  from  H  to  A ;  let  D  reprefent  the  up- 
per edge  of  a  body  with  a  flat  furface,  lying  per- 
pendicularly into  the  water,  and  held  by  means  of 
ropcsAt  E.  Now  in  this  fituation,  the  current  will 
exert  its  full  and  direft  force  againfl  the  plane  fur- 
fcceof  the  body;  and  if  the  ropes  be  let  go  at  E, 
the  body  will  be  driven  down  by  the  current, 
without  deviating  one  way  or  the  other.  3ut  if 
the  faid  body  be  fituated  in  a  direftion  oWique  to 
the  dream,  as  at  F,  and  be  held  by  means  of  ropes 
at  G ;  the  force  of  the  current  will  drive  it  againft 
the  fide  of  the  river  as  at  K,  and  a  lefler  power 
will  be  required  at  G  to  prevent  the  body  being 
driven  away  with   the  ftrcam.     In  this  cafe  the 

force 
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force  of  the  ftream  upon  the  body  muft  be  tt^ 
folvcd  into  two  forces,  viz.  LM  and  MF,  the 
former  of  which  is  countera(5led  by  the  power  af 
G,  whilft  the  latter  drives  the  body  towards  the 
bank  of  the  river,  (fee  chap,  VIII.  of  Part  I.).  But 
if,  when  the  body  is  at  F,  the  ropes  be  let  go  at  Q^ 
then  the  body  will  be  driven  down  by  the  current^ 
hor  will  it  run  towards  the  bank ;  for  in  this  cafe 
the  body,  by  moving  with  the  water,  will  be  at  reft 
relatively  to  it,  anc}  of  courfe  it  will  not  receive 
any  impreffion  from  it. 

It  is  in'confequence  of  the  fame  principle  that 
the  (hip  AB,  fig.  2.  Plate  XL  is  impelled  in  the  di- 
redlion  from  A  toward^  C,  by  the  wind  which  blows 
from  W  towards  H,  upon  the  oblique  fails  FG, 
DE.  But  in  this  cafe  of  a  (hip,  it  muft  be  remaErk-' 
cd,  that  be(ides  the  fails,  the  wind  blows  alfo  upon  ; 
the  body  of  the  (hip,  upon  the  ropes,  mafts,  &Cr  > 
'which  are  not  oblique  to  the  diredioii  of  the  windf 
in  confequence  of  which  the  veflcl  is  partly  impel- 
led towards  H  ;  and,  in  faft,  this  will  be  found  t(y 
move  in  the  line  DK,  though  the  direction  rflhc" 
body  of  the  veffcl  be  always  parallel  to  AB.  The 
diftance  CK,  viz.  of  the  place  in  which  the  fliip 
is  aftually  found  after  a  certain  time,  from  that  itt 
which  it  ought  to  have  been  according  to  its  ori- 
ginal direction  AB,  is  called  the  lee-way  ;  and  this 
lee- way  is  proportionately  greater,  the  more  the 
wind  is  inclined  to  the  fails. 
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The  fame  principle  likewife  explains  the  adion 
of  the  rudder  in  turning  the  (hip;  for  when  the 
ibip  AC,  fig.  3.  Plate  XI.  is  in  motion  from  A 
towards  C,  if  the  rudder  be  fituated  in  the  direflion 
.AB»  oblique  to  the  keel,  the  water  falling  oblique- 
I7  upon  it,  impels  it  towards  £^  and  of  courfe  the 
^  bead  C  of  the  (hip  will  be  turned  towards  D.    But; 
when  the  (hip  is  becalmed,  the  (etting  of  the  rud- 
der aflant  to  the  keel  will  have  no  power  to  turn 
the  (hip,  becaufe  the  (hip  being  at  reft  with  refped: 
to  the  water,  no  impulfe  can  take  place,  (i.) 


(i.)  Ti^e  method  of  edimating  the  force  of  the  wind 
upon  die  (ails  of  a  (hip,  or  of  a  windmill ;  alfo  the  force  of 
the  water  upon  the  rudder  of  a  (hip  in  motion,  or  upon  the 
ptei  of  a  lock,  os  fluice  in  a  river,  &c.  is  derived  from 
Propofition  H.  of  this  chapter.  But  this  force  or  preflura 
/of  the  wind  upon  the  fails  of  a  windmill,  muft  not  be  mif- 
liken  for  tlut  (brce  which  turns  the  axis  of  the  mill ;  nor 
nmft  the  force  of  the  water  upon  the  rudder  of  a  (hip  be 
iniSaken  for  the  force  which  afiually  compels  the  (hip  to 
tarn;  for  the  latter  is  only  a  part  of  the  former,  as  will  be 
(bewD  by  what  follows. 

Thefarct  9f  wsnd^  which  firikes  upon  the  fail,  to  turn  the 
«w  rf  a'windmlly  or  the  force  of  the  water  which  Jlrikes 
^nfi  the  rudder^  to  turn  the  Jhipy  is  as  the  product  of  the 
f^fine  multiplied  by  thefquare  of  the  fme  of  the  inclination  of 
At  fail  to  the  win4y  or  of  the  rudder  to  the  direction  of  the 
vuter. 

Let  AB,  fig*  4.  Plate  XI.  reprefent  the  axis  of  a  wind- 
piUi  and  DC  one  oHts  (ails^  fituated  ifi  the  direi^ion  £C,  in- 
clined 


no  ^f  ^^^  AEliom  of  ^ 

It  is  in  confcquence  of  the  effefts  which  arife 
from  the  different  obliquity  of  intpulfes,  that  bo- 
dies of  the  fame  weight  and  bulk,  but  of  different 
ftiapes,  will  move  through  a  fluid  with  more  or 

lefs 


•i 


dined  to  the  direflion  GC  of  the  wind,  which  is  parallel 
to  the  axis  AB. 

Through  any  point  jG  in  the  line  GC,  draw  a  Knc  GE 
perpendicular  to  C£,  and  through  the  point  £,  where  GE 
meets  CE,  draw  EF  perpendicular  to  GC.    Then  GC  is 

\ 

the  radius,  GE  is  the  (ine,  and  EC  is  the  cofinc  of  the  an- 
gle GCE,  viz.  of  the  inclination  of  the  fail  to  the  wind; 
Therefore,  by  Propofitibn  II.  of  this  cliapter,  the  force  of 
the  wind  upon  the  (ail,  when  this  is  placed  dire&ly  oppofite 
to  it,  is  to  the  force  of  the  wind  upon  the  (ail,  when  this  is 

|)Iaced  in  the  oblique  direction  EC  to  it,  as  GC)*  is  to  CjE'\ 
But  the  force  in  the  dire<5lion  GE  is  refolved  into  two 
forces,  viz.  EF  and  GF,  the  latter  of  which  being  parallel 
to  the  axis,  cannot  contribute  to  turn  it  round  \  but  the 
force  FE,  being  perpendicular  thereto,  is  employed  en- 
tirely in  turning  the  axis  or  the  fail  round.    Now  the  fbrct 

GE  :  force  EF  : :  GC  :  CE  i  therefore  EF=^^A^?. 
Hence  GE  :  EF  ^.  GE  :  24^^  ::  GElN^Hl^ 


: :  (making  the  radius  GC  equal  one,  or  unity)  gE]** 
CiL|*xEC=the  cofine  multiplied  into  the  (quare^of  Ac 
fine  of  the  angle  of  inclination  GCE ;  which  produft 
therefore^  exprefTes  that  part  of  the  force  of  the  wind  upon 
each  fail  of  the  windmill,  which  contributes  to  turn  the- 
Axis  of  the  mill  round. 
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Icfs  fineedom.  Thus  it  has  been  calculated,  that 
if  a  cylinder  going  in  the  direftion  of  its  axis,  and 
a  fphere  of  the  fame  diameter,  move  in  the  fame 
fluid  with,  the  fame  velocity,  the  refiftance  to  the 
motion  of  the  the  cylinder  will  be  double  to  that 

.of 


(f 


Sincci  when  the  fine  of  an  angle  increafes,  the  cofine  dc- 
creafes,  and  vice  vir/a ;  therefore  there  is  a  limit,  at  which 
the  produfl  of  the  cofine  by  the  fquare  of  the  fine  i^  the 
greateft,  or  jnoaximom.  This  limit,  or  this  maximum,  is 
eafdy  aicertained  by  the  method  of  fluxions,  and  is  done 
in  the  following  manner. 

Making  the  radius =i,  and  putting  x  for  the  cofine  EC, 

vebave,  (Eucl.  p.  47.  B.  I.)  ECjI'=  i  — ^-^S  which  mul- 
tiplied by  the  cofine  *•,  becomes  x^^x^  zz  to  the  force  of  the 
wind  upon  each  fail,  to  turn  the  axis  of  the  mill.  Since 
A^  fluxion  of  a  maximum  is  =0 ;  therefore,  when  jr— 4r>  is 
amaximiim,  its  fluxion  x— 3;r*x=o;  or  xzz^x^xy  which 
ivided  by  i,  becomes  i  iz^x* :  hence  x*=: }  j  and  xzi^\ 

Therefore,  working  by  logarithms,  x  =:    '^^^77'^'^5  — 

2 

—0>23856o62=:  9,76143938,  which  is  the  logarithmic 
cofipe  cf  54«».  44'.  8".  Therefore  the  moft  advantage- 
ous fituation  of  the  fail  with  refped  to  the  direction 
^  the  wind,  or'  the  fituation  in  which  the  wind  has  the 
grcatefl:  power  to  turn  the  fail  and  the  axis  of  the  mill  round, 
is  when  the  dire<Sion  of  the  fail  makes  an  angle  GCE  of 
^  Sr-  44'-  8",  with  the  direftion  GC  of  the  wind. 

The  fame  fort  of  demonftration  is  applicable  to  the 
^wcr  which  the  impreflion  of  the  witer  on  the  rudder  of  a 
lip  in  motion,  has  to  turnlhe  (hip. 

In  fig.  5*  Plate  XL  AD  reprefents  part  of  the  (hip,  B 

its 
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of  the  globcr;  which  principally  arifes  from  the  for* 
mer  prefenting  its  flat  bafe  to  the  fluid;  whereas 
the  latter  prefents  a  curve  furface  which  receives 
the  fluid  obliquely.  Bodies  of  the  fame  bulk,  but 
of  other  different  fliapes,  have  been  likewife  fub- 

jeded 
- 

its  rudder  fKuatcd  in  the  oblique  pofition  EC,  The  direc- 
tion of  the  water  is  from  G  towards  C,  finc^  the  veflel 
Gloves  in  the  contrary  direftion.  Therefore  the  water 
flrilces  againft  the  rudder  at  an  angle  of  inclination  GC£» 
which,  fiTice  the  keel  of  the  (hip  is  parallel  to  CG^is  equal 
to  the  angle  SEC,  which  the  ru(ider  makes  with  the  keel. 

From  any  point  G,  in  the  line  CG,  drop  GE  perpcndicu* 
!ar  to  CE,  and  from  E  drop  EF  perpendicular  to  CG. 
Then  CG  is  the  radius,  GE  is  the  Hnc,  and  CE  the  cofinc, 
of  the  inclination  of  the  rudder  to  the  keel,  or  to  the  direc- 
tion  of  the  water.  Now  the  direft  force  of  the  water,  is  to 
Its  oblique  force  upon  the  rudder,  as  CGV  is  to  G©*;  the 
latter  of  which  being  rtfolved  into  the  two  forces  EF  and  G  F, 
it  is  evident  that  EF  is  the  only  force  which  can  contribute 
to  turn  the  fhip  5  for  GF,  being  parallel  to  the  keel,  can 
have  no  power  ijpon  it.     Then  GE  :  EF  : :  GC  :  CE } 

therefore  EF  =  ^f-^;    hence  GE  :  EF  r:  GE  : 

GExCE      ^._.  .T?t]--xCE     ,,       ....         .    - 
Tvr; — "Gel     •  TTjT — ::  (the  radius  beings:!-; 

G£l*  :  GFi*  X  CE  5  which  is  exaflly  the  fame  rcfult  a$ 
was  obtained  above  for  the  fail  of  the  windmill ;  and  of 
courfe  it  admits  of  the  fame  maximum,  viz.  the  aftion  of 
the  water  againft  the  rudder  has  the  greateft  power  of  turn- 
ing the  (hip,  when  the  diret^ion  EC  of  the  rudder  makes  the 
angle  CES  with  the  keel  j  or,  which  is  the  fame  thing,  when  it ' 


I-.. 
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jefted  to  calculation  with  rcfpcft  to  the  refinance 
i¥hich  they  receive  frpm  moving  fluids.  The  (hape 
of  a  body  which  will  move  through  a  fluid  with  the 
greateft  fi*eedom  poflTible^  has  alfo  been  calculated  $ 
but  the  rcfults  of  aftual  experiments  have  been 
found  to  differ  confiderably  from  the  theoretical  de- 
terminations  j  nor  can  we  at  prcfent  form  any  rules 
fuflicient  to  afcertain  thofe  differences^  (ince  they  de^^ 
pend  upon  a  variety  of  flu6luating,  and  not,  as  yet| 
fully  afcertaincd  caufes.  If  the  reader  be  deGroUs 
pf  examining  the  fubjeft  ftill  farther,  he  may  con^ 
fult  the  works  cbat  are  mentioned  in  the  note  *• 


makes  the  angle  £  C  G  with  the  dire^on  of  the  water,  of 

For  the  fame  reafons  fucb  muft  likewife  be  the  angles 
BED,  A  CD,  fig.  6.  Plate  XL  which  the  gates  of  the 
lock  C  D  E  make  with  the  fides  of  the  canal  A  C  B  E,  in 
order  that  tbcy  may  fuftain  the  greateft  prcflure  ihey  are  ca- 
pable of,  fiYxn  the  water  on  the  fide  A  CD  E  Q. 

*  Archimedes  de  infidefttibus  humido.  Mariotte  on  ihe 
>Qotion  of  water  and  other  fluids.  Lamy  de  Pequilibre  de^ 
^uturs.  Newton's  princlpian  Gulielmini's  jnenfura  aqua^ 
^^^ fiuentium.  Gravciand's4>hil.  Muffchenbrock's  phil. 
SMfttzcr's  hydroft«.  VarigQon's  diflcrt.  in  the  Mem.  Acad. 
Scien.  The  works  on  fluids  of  Belidor,  Defoguliers,  Clare, 
Baerfon,  Boflii,  D'Alambert,  Buat,  &c.  De  Prony's 
"^cbitiG.  Hydraulifui.  The  report  of  the  committee  of 
the  Society  fiw:  the  Improvement  of  Naval  ArchiteSure. 
I^don  1794.  Venturi's  cfXperimental  enquiries  on  the 
^cral  communication  of  motion  in  fluids.  Phil.  Tr.  &c, 

yQt.  If.  X  I  fluU 
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CHAPTER     V. 

dF  THE  ATTRACTION  OF'COHEStOKj  OR  CAPILLARY 
ATTRACTION  i  AND  OF  THE  ATTRACTIOM  Or 
AGGREGATION. 

BEFORE  wc  proceed  any  farther  in  the  cnu» 
meration  of  the  phenomena  which  relate  to 
the  motion  of  fluids^  it  will  be  neceflary  to  lay  down 
the  refults  of  the  principal  experiments  which  have 
been  made  concerning  the  attradion  of  coheIion>  as 
alfo  of  aggregation^  and  to  explain  (hem  in  the  beft 
manner  we  are  able;  for  by  this  means  the  reader 
will  in  foime  nieafure  be  enabled  to  comprehend  how 
&r  thefe  attraAions  are  concerned  in  the  movements 
of  fluids^  and  how  it  happens  that  the  afiiual  mo- 
tions of  fluids  through  pipes,  channels,  holeSj  &c. 
ar^  conliderably  different  from  thofe  which  might 
be  derived  froth  the  general  theory  of  motion. 

The  attra6lioii  of  aggregation!  is  that  which  takes 
place  amongft  the  homogeneous  particles  of  the 
fame  fort  of  fubftance  j  and  the  attradion  ofcohefion^ 
is  that  which  takes  place  between  the  particles  of 
heterogeneous  bodies.  See  the  latter  part  of  chap.  I. 
and  the  beginning  of  chap.  II.  of  the  prefent  parr. 
^ — The  principal  fafls  which  have  been  obferved  rc^ 
latively  to  thofe  attraftions,  are  as  follows. 

I.  The  particles  of  water  attract  each  other. 

The  globular  form  of  the  drops  of  rain  j  the  run- 
jng  of  two  drops  of  water  into  each  otiier,  when  they 

arc 
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Vtt  laid  (b  near  as  to  touch,  and  a  variety  of  other  1 
phenomena,  render  this  attraftion  very  manifeft. 

If.  There  is  an  attraction  between  water  and  glafs^ 
which  is  increafed  by  cold,  and  dimifiijbed  by  beat ;  but 
isi  ceteris  paribus,  proportionate  to  the  quantity  of  the 
Jurface  of  contaSl. 

'  If  the  breath  from  the  moiith  be  thrown  upon  a 
glafs  plate^  itvwill  be  found  to  adhere  to  it  longer  in 
cold,  than  In  hot,  weather. 

If  a  drop  of  water  be  laid  upon  glafs,  it  will  prc- 
ttrf€  a^convex  furface  on  the  fide  fartheft  from  the 
gla(s,  but  on  the  neareft  fide  it  will  adapt  itfelf  to 
the  furface  of  the  glafs,  and  will  adhere  to  it  with  a 
certain  degree  of  force  ;  but  if  the  fame  drop  be 
/pfead  over  the  furface  of  the  glafs,  it  will  then  lo£e 
its  convex  furface,  and  will  adhere  to  the  glafs  with 
much  greater  force,  as  may  be  proved  by  endea- 
vouring to  (hake  it  oflT  in  both  cafes.     By  the  dif- 
pcrfion,  the  particles  of  water  are  placed  much  far- 
ther from  each  other,  hence  their  mutual  attraftion 
is  diminifhed ;  and  on  the  other  hand  the  attraftion 
between  the  water  and  the  glafs  is  increafed  by 
having  augmented  the  furface  of  contaft. ' 

In  cither  of  thofe  cafes  the  water  is  attraAed  by 
the  glafs  on  one  fide  only.  But  if  another  piece  of 
glafs  be  placed  facing  the  former,  and  in  conta£l 
^ith  the  film  of  water,  then  the  water  will  be  at- 
^cd  and  retained  with  greater  force  ;  and  if  the 
^»tcr  be  encompafled  on  every  fide  by  glafs,  as  if  it 
be  cnclofed  in  a  narrow  glafs  tube,  then  the  atrrac* 

1 3  tioii 
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tion  will  be  ftronger  dill,  bccaufe  the  qtiandty  erf 
contaft  in  proportion  to  the  quantity  of  watcr>  id 
thereby  confiderably  increafcd.  By  this  means  tht 
attraftion  is  rendered  fo  very  manifcft,  that  the  de^ 
nomination  o(  capillary  attraHion  has  been  fuggeftcd 
by  this  more  iifual  mode  of  trying  fuch  experi- 
tncnts ;  which  is  by  means  of  tubes,  whole  bore  is 
about  as  fine  as  a  hair^  which  in  Latin  is  called 
tapillusi 

Put  fomc  water  In  a  glafs  veffel,  a«  in  fig.  7* 
tlatc  XI.  and  near  the  furfacc  of  the  glafs  the  water 
Ivill  be  found  to  rife  a  little  way,  forming  a  curve^ 
as  at  A  and  B. — The  like  efFeft  will  take  place  if 
you  dip  part  of  a  piece  of  glafs  in  water^  as  at  C 
and  D.— This  cfieft  may  be  explained  in  the  fol- 
lowing manner. 

Let  AB,  fig.  8.  Plate  XI.  i-cprefent  a  feftioii  df  the 
lurface  of  a  piece  of  glafs,  having  its  lower  part  im- 
merfed  in  the  water  BC.  Imagine  this  furface  to  be . 
divided  into  a  number  of  indefinitely  fmall  parts  a^  h^ 
r,  d,  &c.  "Then  the  part  /?,  next  to  the  furface  of  the 
water  B  C,  will  raife  a  quantity  of  water  propor- 
tionate to  its  attrafHve  force ;  but  this  quantity  of 
^ater  is  thereby  brought  nearer  to  the  part  ^  of  the 
glafs,  and  is  therefore  attraded  by  it,  whUft  anothef 
Quantity  of  water  takes  its  place  next  to  a.  Again, 
the  firft  quantity  of  water  being  raifcd  to  ^,  is  ^ 
brought  nearer  to  the  part  c  of  the  glafs,  hence  it  is 
bttrafted  by  it>  and  Is  raifed  to  the  place  f,  whilft 
the  quantity  of  water  at  a  takes  its  place,  and  an^ 
7  Othcf 
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ether  quantity  oF  water  comes  to  the  place  a,  and 
fo  forth.. 

In  confequence  of  this  att'ra£);ion,  the  water  ought 
to  form  a  film  equally  thick^  or  the  quadrilateral 
figure  gbas,  on  the  furface  of  the  glafs.    But  it  muft- 
be  confidered,  that  befides  the  attradtion  towards  glafsi 
the  water  is  poflefied  of  the  attra£bion  of  aggregation; 
viz.  of  the  attra£tion  ofits  particles  towards  each  other ; 
in  confequence  of  which,  when  the  firft  quantity  of 
water  has  been  raifed  to  the  place  a,  another  quan- 
tity of  water  /  is  kept  fufpended,  in  confequence  of 
the  attraftion  of  water  to  water,  between  the  water 
at  aj  and  the  water  BC.     When  the  glafs  nas  at- 
traded  the  water  to  ^,  the  part  s  will  be  eidarged 
into  /  z,  becaufe  the  two  quantities  pf  water,  a  and 
^,  can  keep  fufpended  a  greater  portion  of  water, 
than  the  quantity  a  by  itfelf.    Thus  the  water  wiir 
afcend  along  the  furface  of  the  glais,  and  will  re-* 
main  adhering  thereto,  in  fuch  quantity  as  to  form 
a  counterpoife  to  the  attradlion  of  the  glafs  j  viz. 
the  prefliirc  of  the  water  thus  raifed,  and  the  attrac- 
tion between  it  and  the  water  B  C,  are  all  together  a  • 
counterpoife  to  the  attraction  of  the  glafs. 

The  real  afcent  of  the  water,  which  in  fig.  8.  has' 
been  enlarged  for  the  fake  of  illuflration,  when  the 
glafs  13  either  flat,  or  not  much  ben:,  fcldom  exceeds 
one  tenth  of  an  inch.  But  this  altitude  is  inc-reafed 
or  diminifhed  by  a  variety  of  circumftances ;  viz.  by 
the  temperature  and  purity  of  the  water,  by  the  qua- 
lity of  the  glafs,  and  mofUy  by  tht  polifb  and  clean- 
linefis  of  its  for  face, 

14  Place 
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Place  a  glafs  bubble  A  (that  is,  an  empty  glaii 
ball)  fig.  1 6.  Plate  XL  in  a  glafs  virflel  not  quiu 
full  of  water.  This  bubble  will  float  on  the  furfaci 
of  die  wdtcr,  and  it  will  be  found  to  rtin  fpontaneouflji 
towards  the  (ide  bf  the  ve&l,  as  at  B,  to  which  ii 
will  adhere  with  a  certain  force ;  provided^  how- 
ever,  the  bubble^  on  being  laid  upon  the  water^ 
be  not  .ficuated  too  hr  from  the  fides  of  the 
▼eflcL 

This  cfft6t  is  owing  to  the  attra£ti6n  df  the  ele- 
vated water  on  the  fide  df  the  veflel>  and  that  on  the 

furface  of  the  bubble.     Thus  the  water  at  i  is  at- 

if 

traded  both  by  the  water  at  s  and  by  the  water  at  d^ 
which  tends  to  britig  thofe  three  parcels  of  watei 
togetheri  and  of  courfe  the  glafs  bubble  alfo»  whith 
adheres  to  the  water  d.  And  this  attraction  growj 
ftronger  and  ftronger  in  proportion  as  thofe  points 
come  nearer  to.one  another. 

It  is  for  the  fame  reafon  that  if  two  glafs  bubbles 
be  placed  upon  water^  at  no  great  diftance  fronr 
each  other,  they  will  run  towdtds  each  other,  and 
will  adhere  with  a  certain  degree  of  force. 

If  the  glafs  reffcl  be  filled,  fo  that  the  water  may 
t)rbjca  above  the  edge  of  the  veffcli  and  a  glafs 
bubble  be  then  laid  upon  it,  as  in  fig.  17.  Plate  XL 
the  bubble  will  be  fourtd  to  recede  from  the  fides  of 
the  vcfTcl.  In  this  caife  the  elevated  water  a,  which 
is  contiguous  to  the  fide  A,  is  attrafted  lefs  power- 
fully than  the  elevated  water  ir,  by  the  water  of  the 
vcflelj  for  on  account  of  the  convexity  at  A,  the 

water 
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water  betwel^n  A  and  47,  is  not  fo  near  to  the  cleva- 
tion  a,  as  an  equal  furface  i^B  of  water  on  the  other 
fide  of  the  bubble,  is  td  the  elevation'^. 

Jll.  The  perpendicular  rife  of  water  in  glafs  tules'it 
merjefy  as  th^t  diameter. —  I  f  glafs  tubes  opened  « 
both  ends,  be^  immerfcd  with  their  lower  apertures 
in  water,  as  irt  fig.  9.  Plate  XI.  the  water  will  in- 
ftantly  rife  fpontaneoufly  into  tlieir  cavities,  and  it 
has  been  found  that  it  will  rife  hig,her  in  narrower 
than  in  larger  tubes,  by  as  rhuch  as  tht  diameter  of 
the  larger  tube  exceeds  that  of  the  fmaller ;  the  al- 
titude in  a  tube  of  one  hundredth  part  of  an  inch, 
(viz.  0,01)  in  diameter,  being  about  5j3  inches* 
Therefore  in  a  tube  of  0,02  in  dianieter,  the  aki* 
todcofthc  water  will  be  the  half  of  5,3,  viz  2,65 
^'^chcs  in  diameter.     Alfo  in  a  tube,  whofe  diameter 
^  0,1  of  an  inch  (or  ten  times  0,01)  iht  altitude  of 
the  water  will  be  thj  tenth  part  of  5,3  j  viz.  0,53  of 
^n  inch ;  and  fo  forth  *. 

Divers 


*  Since  the  diameters  of  the  tubes  are  iiiverfely  as  the  al- 
t'tudesof  the  water  within  their  cavities,  if  you  call  the  dia- 
liters  D,  d^  and  the  altitudes  of  the  water  A,  /7,  it  will  be 
^  •</: :  tf  :  A ;  whence  AD  =  ^^/;  that  is^  the  product 
^  the  diameter  by  the  altitude  of  the  water  is  always  the 
^^  or  the  conftant  quantity  0,053  of  an  inch  ;  for  when 
^  diameter  is  0,01  of  an  inch,  the  water  has  been  found  to 
'^einit  to  the  alatude  of  5,3  inches;  and  s^3X^>o^  it 
«quil  to  0,053. 

Therefore, 
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glafs,  which  is  in  contaft  wi^h  it;  and  of  courfc  ; 
is  proportionate  to  that  furfacc.  But  in  eftimatin; 
the  quantity  of  that  counterpoife,  or  of  the  preflyr 
of  the  colunin  of  water,  we  muft  takq,  beGdes  th 
quantity,  the  altitude  alfo,  into  the  account  ^  be 
caufe,  ceteris  parihs»  fluids  prefs  in  proportion  t 
their  perpendicular  altitudes ;  and  when  the  ba( 
varies,  or  in  difl^crent  cylindrical  pillars,  the  prefliire 
arc  as  the  produfts  of  the  quantity  of  matter  by  th 
altitude  of  eich  pillar  refpeftively.  Therefore  thi 
prcflfure  of  the  pillar  of  water  in  a  glafs  tube,  whid 
is  a  counrerpoife  to  the  attradlion  of  the  glafs,  i 
the  produft  of  the  quantity  of  water  by  the  altitude 
.  and  in  cylindrical  tubes,  thb  produft  is  always  pro 
portional  to  the  furface  of  glafs  in  contaft  wit 
the  water  *•  This  may  be  rendered  more  intelligi 
ble  by  means  of  an  example. 

Let  the  infide  diameter  of  a  tube  B  C,  fig.  t  ^ 
Plate  XI.  be  double  that  of  the  tube  D  F  j  then  th< 
pillar  of  water  FE  will  be  two  inches  high  when 
|he  pillar  AC  is  one  inch  high.  Since  the  contents 
of  cylinders  of  the  fame  altitude  are  as  the  fquarcs 
of  their  rcfpeftive  diameters,  and  their  furfaccs  arc 


•  It  has  been  fhewn  in  the  preceding  note,  that  the  (urfycc 
of  the  glafs  tube  wh':h  is  in  contaft  with  the  pillar  of  water, 
is  a  conftant  quantity ;  therefore  the  product  of  the  quantity 
of  w^ter  by  the  a'titude  of  the  pillar,  mud  likewife  be  i 
condant  quantity  ^  fincc  it  is  as  the  above-mentioned  iiir* 

fiiCC. 

^  flmplf 
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fimply  as  their  diameters^  it  is  eafily  calculated  chat 
if  the  quantity  of  water  in  the  pillar  E  F  weighs 
2  grains,  that  of  AC  muft:  weigh  4  grains^  and 
likewife  that  the  furface  of  glafs  in  contaft  with  the 
pillar  of  water  E  F,  is  equgl  to  the  furface  of  glafs 
which  is  in  contaft  with  the  pillar  of  water  AC  j 
whence  at  firft  fight  it  fliould  fcem  that  thoIc  equal 
furfaces  ought  to  keep  fufpended  equal  quantities  of 
water,  whereas  the  quantity  of  water  EF  is  the  half 
of  the  quantity  of  water  A  C  j  but  the  pillar  of  water 
EF  is  as  high  again  as  the  pillar  A  C ;  hence  its 
prcffurc  which  is  equal  to  the  produft  of  the  quan- 
tity of  water  by  the  altitude    (viz.  2  grains  by 
2  inches)   is  equal  to  the  preflure  of  the  column 
AC,  VIZ.   to  the   produft   of  4  grains   by  one 
inch, 

The  above-mentioned  phenomena  of  the  attraftion 
of  cohcfion  Ihew,  that  what  has  been  mentioned  in 
^c  preceding  chapter  concerning  the  rife  of  water 
*o  tlje  lame  level  in  different  pipes,  which  commur 
oicatc  together,  is  not  ftriftly  true.  Indeed,  when 
^c  pipes  arc  larger  than  an  inch  in  diameter,  the 
^ifitrcnce  qf  the  altitudes  becomes  infenfible.  But 
^ith  narrower  pipes  of  different  diameters,  the  water 
^^  be  plainly  perceived  to  fland  higher  in  the 
ftdallcr  than  in  the  larger  pipes. 

IV;  If^  tube  conjiftoftwo  cylinder  s^  viz,  of  the  narrow 
Htt^¥  yfg.ij^.  PL  XL  wbofe  diameter  is  equal  to  that  of 
^^tube  A  B,  wherein  the  water  would  rife  to  the  height 
AB  J,  and  of  the  larger  fart  C  D^  whofe  diameter  is 

equal 
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equal  to  that  of  the  tube  GH|  wherein  the  water  viwh 
rife  to  the  height  G  H  \  and  if  this  expound  tube  h 
placed  with  the  narrow  aperture  in  water ^  asatF 
the  water  wtll  not  rife  in  it  higher  than  the  altitud 
G  H,  viz.  to  the  fame  altitude  to  which  it  zvould  ri/ 
if  the  tube  were  qn  uniform  cylinder  of  the  diameter  ^ 

* 

the  large  part. 

Here  it  might  be  cxpcfted  that  the  water  wouk 
rife  higher  than  D  G  s  but  it  muft  be  conlidered  th4 
though  the  produ6t  of  the  piilars  of  water  EF  b; 
its  altitude,  is  lefs  than  a  juft  councerpoife  to  the  at 
tradion  of  the  furface  EF  of  the  glafs;  yet  th 
.overplus  of  attraftion  of  that  furface,  inftcad  < 
affifting  to  fupport  the  water  in  C  E,  will  operate  i 
.4  contrary  way;  that  is,  if  we  reckon  the  attraftig 
of  the  furface  EF  equal  to  lo,  and  if  the  prefliiij 
.of  the  pillar  of  water  in  it,  be  equal  to  8  i  tha 
the  two  remaining  parts  of  attrafbiyc  po^er  wil 
tend  to  draw  the  water  from  the  bafon,  as  much  a 
from  the  cavity  D  E,  towards  the  furface  £  F ;  fi 
that  by  the  addition  of  the  narrow  tube  EF,  the  aC 
,tra£lion  of  the  larger  part  D I  is  diminifhedi  ^t  th 
fame  time  that  the  water  in  it  is  partially  fupportp 
^y  what  may  be  called  its  perforated  bafe  I E. 

V .  If  a  compound  tube,  confining  cf  a  larger  par 
L.N>  fg-  I4«  Pl^te  XI.  wherein  the  water  wouL 
rife  fpontaneoufly  to  the  altitude  M.  and  of  a  narrowt\ 
part  O  K,  equal  in  diameter  to  the  tube  A  B,  wberA 
the  water  would  rife  to  the  height  A  B  i  ^tf  filled  will 
water  as  high  af  K,  and  then  be  placed  with  the  lar^ 

.  apertui 
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afcrture  in  water  as  at  N,  the  whole  quantity  of  water 

wUI  remain fufpeniedi  filling  the  whole  of  the  large  tube 

and  part  of  the  narrow  one.     *The  fame  thing  will  alfo 

i^^hce  with  a  veffel  of  any  jhape^  as  P  QS,  pro^ 

vUed  its  upper  part  be  drawn  into  a  narrow  cy Under ^ 

equal  in  diameter  to  the  tube  A  B. 

In  thofe  veflels  the  water  is  fupported  partly  by 

thc*ttra£lion  of  cohefion,  and  pardy  by  the  preffure 

of  the  atmofphcre.     But  not  having  as  yet  treated 

of  the  preffure  and  other   properties  of  the  at- 

xnofphcrCj  it  will  not  be  poffible  for  the  novice  to 

undcrftand  at  prefcnt  the  aftion  of  that  preffure  ;  I 

fcaH  therefore  fiibjointhe  explanation  of  the  above- 

mentioned  phenomenon  in  the  note,  for  the  imme- 

.  diatc  perufal  of  thofe  readers   who  arc  otherwife 

acqi^inted  with  the  prop.erties  of  the  atmofphere, 

^f  of  the  novice,   on  a   fecond  perufal  of  this 

work  ♦. 
J  VLlVatey 

-      .   I    ■  I        I. '.  ■  *  ■      ■  ■  _.. — _ 

*  That  this  phenomenon  is  occafioned  in  great  meafurc 
i^y  Ac  prefTure  of  the  atmofphere,  is  evident  from  the  follow- 
^obfervations ;  firft,  becaufe  the  water  will  not  rife  fpon* 
^coufly  into  the  veflels  ON,  PS,  to  the  height  K  and 
Pj  aiui  fecondly,  becaufe  if  thofe  veflTcls,  full  of  water  as 
high  as  P,  K,  together  with  the  bafon,  be  placed  under  the 
Reiver  of  an  air-pump,  on  exhaufting  the  receiver  of  air 
(viz.  on  removing  thepreflure  of  the  atmofphere),  the  water 
will  defcend  in  them,  and  will  remain  in  them  oiilv  as  hi^^li 
as  it  would  afcend  fpontaneouily  ;  whereas  all  the  |5receding 
phenomena  of  capillary  attraction,  or  of  attraclion  of  co- 
hefion 
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VI.    fTaler  rifei  between,  contiguous  glafs  pla. 
md  follows  the  fame  law  as  it  does  with  tuh 

nam 


-^^-1- 


hcdon,  and  likewife  all  the  others  which  are  related  in  1 
frhapter,  Avill  anfwer  as  well  in  vacuo  as  in  ^ir  i  unlets 
contrary  be  mentioned* 

How  the  water  comes  to  be  fupported  in  AcCe  vtH 
partly  by  the attradion  aid  partly  by  the  atmoiphere^  ^ 
be  (hewn  by  the  fbHowiog  example  and  calculation : 

A  column  of  water  of  about  3a.  feet  perpendicular  a 

tude»  is  a  counterpoise  to  a  column  of  air  of  the  altitude 

the  whole  atmofphere.     Therefore,  if  the  perpendici 

height  of  the  water  in  the  vefiel  PQS,  be'one  foot,  its  prefl 

iwill  be  equal   to   the  32^   part  of  the  preffure  of  the 

mofpherc  j  hence  the  atmofphere  prcffes  on  the  aperture 

the  tube  P,  with  one  32*  part  of  its  power ;  (fince  the  pr 

fure  of  the  atmofphere  at  the  aperture  QS,  which  ptherw 

would  exa£lly  countera£t  the  preffure  at  P,  is  diminiihed 

the  preffure  of  the  water  in  the  veffel  P  Q_S ;)  and  unlcfs  I 

air  comes  in  a^  the  aperture  ?,  the  water  will  not  defce 

in  the  vtr/Tel.     Now  let  us  fuppofe  that  the  diameter  of  i 

aperture  P  be  0,004.  ^^  ^  >"^h ;  for  it  muft  be  of  abo 

that  fizc  when  the  perpendicular  altitude  PQ^ofthewal 

is  one  foot.     The  preffure  of  the  atmofphere  upon  a  fqui 

inch  has  been  found  to  be  about  equal  to  the  weight  of  ) 

pounds,  or  224.  ounces,   or  9S056  grains;    but  the  ar 

or   aperture  P,    whofe   diameter   is    0,004.   o^  a^  inc 

is  o,a':ooi256  of  an  inch  ;  therefore,  by  the  rule  of  on 

portion,  we  fay,  as  one  fqudre  inch  is  to  the  area  0,0000125 

fo  is  the  preffure  of  the  atmofmcrc  upon  a  fquare  inch  (vi 

•.8056  grains)  to  the  prcf/urc  of  iht?  atmofphere  on  tl 

jarca  0,00301256.    And  multiplying  98056  by  0,0000125 

V 
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ndrntyi  the  altitudes  are  invetfelj  as  the  diftances  of 
the  ptatex 

If  the  glafs  plates  be  parallel  to  each  other,  and 
be  placed  with  their  lower  edges  in  water,  the  water 
will  rife  between  them,  and  will  remain  fufpended 
at  a  certain  height.  This  height  is  not  fo  great  as 
that  of  the  water  in  a  glafs  tube,  whofe  diameter  is 
equal  to  the  diftance  between  the  two  plates ;  and 
that  for  an  obvioi^s  reafbn ;  namely,  becauie  in  the 


we  obtain  the  produiSl  19^3158336,  viz.  little  more  than 
<'ne  graiii^  which  is  the  entire  preflure  of  the  atmofphere  on 
the  fiirface  of  'lihe  water  in  die  tube  at  P.  But  it  has  been 
iDtewA  above,  that  the  atmofphere  prefies  npon  that  fur&ce 
>»ilh  only  the  52*  part  of  its  entire  force ;  therefore  we  muflf 
<iivide  1,23158336  by  32,  and  the  quotient  o,o38486989ar 
yH''-^  df  a  grain  nearly,-  is  the  real  and  adual  preiTure  of  the 
stmoipho'e  on  the  furface  of  the  water  at  P;  and  this  trifling 
fftflE^re  wilt  be  eafily  allowed  not  to  be  fafficient  to  overcome 
the  attxaiXoa  between  the  water  and  the  furface  of  the  tube 
f :  hhice  the  water  remains  fufpended  in  the  veflels  PQJS, 
WON. 

This  e)(planatioD  is  corroborated  by  the  following  experi- 
•tut— Pill  the  vcflcl  O  N,  or  PQS,  not  entirely,  but  only 
^fo  the  height  T;  which  is  done  by  lowering  them  in  the 
Metoftbcf  bafon;  and  in  that  (ituation  touch  the  aper* 
^re  0,  or  P,  with  a  wet  finger,  fo  as  to  introduce  a  litde 
*Uer  into  it*  Then  if  the  ve/fel  be  drawn  up,  leaving  its 
Ipwer  aperture  only  in  the  water  of  the  bafon  ;  the  column 
of  Water  TN,  or  TQ^,  will  remain  fufpended  in  it,  though 
tWe  is  no  communication  whatever  between  the  water  at  V, 
^  the  water  in  the  capillary  aperture. 

Vot.  II.     '  K      /  tuhCL 


1 30         Of  tU  AtiraaUm  tf  CoU/ttm^  tSe^ 

tube  the  water  is  furrcunded  by  glafs  on  every  Gdei 
yet  the  proportion  i>>  the  fame,  that  is,  in,  twa  or 
more  pairs  of  glafs  p)aies>  the  altitudes  of  the  water 
are  inverfely  as  the  didances  of  the  plates ;  and  that 
for  the  fame  reafon  as  in  glafs  tubes.,  A  C  D  F>  and 
B  C  D  E,  fig.  1 1.  Plate  XI.  reprcfcnt  two  flat  glaft 
plates,  placed  fo  as  to  form  a  fmall  angle  A  C  B» 
and  immerfcd  with  their  lower  edges  in  water.  The 
water  will  be  found  to  rife  between  them,  and  to 
remain  fufpended  in  the  fpace  EFCDE,  the  outer 
edge  of  which,  E  FC,  being  a  curve  called  an  by^ 
perbola.  One  extremity  of  this  curve  rifes  as  high 
as  the  upper  part  of  the  glafs  plates  at  C,  and  the 
other  extremity  reaches  as  far  as  the  edges  of  the 
glaflfes  contiguous  to  the  water  of  the  bafon  at  F 
andE. 

The  water  between  thofe  plates  rifes  higher  »ncar 
the  fide  C  D,  and  lower  at  a  diftance  from  it.  In 
fliort,  at  any  diftance  from  C  D,  as  zi  ab^  c  d^  tjy 
the  water  rifes  as  high  as  it  would  rife  between 
parallel  plates,  whofe  diftance  from  each  other 
equallcd'the  diftance  between  the  plates  of  'fig.  11. ' 
at  any  of  thofe  particular  places.  Therefore  the 
altitudes  of  the  wa*ter  at  dififerent  diftances  from  GD,  ^ 
arc  inverfely  as  the  diftances  between  the  two  plates 
at  thofe  places  ( I.) 

ABCE, 


r 

•  ( I . )  In  fig.  1 3.  Plate  XL  ( which  reprefcnts  the  fame  clcn-^  ^ 
tion  of  water  which  is  reprefcntcd  in  fig.  11.)  any  two  or 

more 
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ABCE,  fig.  10.  Plate  XI.  are  two  flat  glals 
dates,  forming  a  fmall  angle  with  each  other,  like 
hofc  of  the  preceding  figure;  the  lowcrmoft  of 
rhich  is  placed  fo  as  to  form  a  fmall  angle  with  the 
onion,  having  the  edge  AB  a  little  elevated, 
fhofe  plates  may  be  kept  feparate  at  £  C,  by  the 
iterpolition  of  a  bit  of  wax,  or  other  fmall 
edy. 

If  a  drop  of  water  be  introduced  between  thofe 
ikies  at  £  C,  ^  as  to  touch  both  plates,  this  drop 
rill  be  feen  to  move  fpontaneoufly  towards  the 
ipper  part  of  the  glafs  plates,  as  far  as  tne  edge 
IB.— It  will  enfure  the  fuccefs  of  the  experiment, 
t  the  inner  furfaces  of  the  glafles  be  previoufly 
limped  with  water. 

)re  alcitades  of  water,  2&ah^  and  c d^  are  inverfely  as  the 

luces  b  tj  diy  between  the  two  plates  at  thofe  places  i 

wbicJ : :  ds  :bt ::  (by  the  fimilarity  of  the  triangles 

ti  Ddij)  Dd:D  b;  and  this  is  the  property  of  the 

non  hyperbola,  whofe  afymptotes  are  the  edge  C  D  of 

lafles,  and  the  line  DS,  where  the  gla&  plate  cuts  the 

e  of  the  water  in  the  vcflel  G. . 

evident  that  the  water  muft  rife  as  high  as  the  apex  C 
^er  be  the  altitude  of  the  plates,  fince  near  the  edge 
e  ^ais  plates  come  infinitely  near  to  each  other. 

gla(s  plates,  inftead  of  being  flat,  be  bent  more  or 

1  the  edge  of  the  water  which  rifes  between  them 

>e  an  hyperbola,  but  it  will  vary  according  to  die 

of  the  plates.     See  Ditton's  Difcourfe  on  the 

>f  fluids. 

K  2  The 
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degrees  in  difierent  bodies.  When  a  meul  for  in 
ftance  is  difTolved  in  aqua  forthy  that  eficA  i 
owing  to  the  particles  of  the  nnetal  having  a  greatc 
attraftion  for  tbofe  of  the  aquafortis^  than  for  eaci 
other. 

For  the  fake,  however,  of  diftindion  and  perfpi 
cutty,  when  the  attradion  between  two  bodies  i 
not  fo  powerful  as  to  occafion  a,  manifcft  change  c 
nature  in  either  of  the  bodies,  it  b  called  ofiraBie^ 
of  cobifioHi  and  when  it  produces  a  change,  it  i 
then  called  attraltion  of  -affinityy .  or  JfeclfU  at. 
troBion. 

We  (hall,  therefore,  treat  of  the  attra6lion  o 
affinity  in  other  chapters  of  this  work,  and  (hall  coo 
fine  theprcfent  nnerely  to  the  attractions  of  cohelioi 
and  aggregation. 

The  explanations  of  the  phenomena,  which  hai 
been  already  defcribed  concerning  glafs  and  watr 
are  fufficient  to  illuftrate,  and  to  account  for,  th 

§ 

which  may  be  obfcrved  between  other  flukls 
glafs,  or  between  other  fluids  and  ocher  fol 
allowing  for  the  difference  which  arifes  from 
different  aitraftive  forces :  yet,  as  quickfilver 
much  ftronger  attraction  of  aggregation  than  * 
helion  to  glafs,  it  will  be  proper  briefly  to  d 
the  principal  experiments  that  have  been  mac 
thofe  two  fubftances ;  left  the  novice,  furpr 
the  peculiarity  of  the  phenomena,  ihould  be 
to  fuppofe  that  a  repulfion  exifts  between  t^ 
fubftances. 
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If  a  fmall  globule  of  quickfilver  be  laid  upon 
dean  paper,  and  a  piece  of  glafs  be  brought  into 
<x)ntad:  with  it  ^  the  mercury  will  adhere  to  it,  and 
will  be  drawn  away  from  the  paper.  If,  whilft  the 
fmall  globule  of  quickfilver  is  thus  adhering  to  the 
glafc,  a  larger  quantity  of  quickfilver  be  brought  in 
contact  with  the  fmall  globule,  theJatter  will  imme- 
diately forfake  the  glafs,  and  will  incorporate  with  the 
other  quickfilver;  which  fliews  the  greater  degree  of 
attniAion  between  the  particles  of  mercury  than 
between  them  and  glafs:  hence  it  will  be  found 
impracticable  to  fpread  the  quickfilver,  like  water, 
over  the  furface  of  glafs.  .  The  fmall  globule  of 
quickfilver  adheres  to  the  glafs  with  a  little  flat 
fiirface,  which  renders  the  (hape  of  the  mercury  not 
perfofUy  globular :  but  this  little  derangement  of 
ihape  mufl:  not  be  confidored  as  incompatible  with 
the  ftrong  attradion  between  the  particles  of  the 
mercury ;  for  though  thi$  attradion  be  greater  than 
the  attraction  towards  the  glafs,  yet  the  latter  muft 
produce  a  proportionate  tffc&i  hence  a  fmall  change 
of  fhape  I  whereas  if  water  were  ufed  in  lieu  of 
qgickfilver>  the  furface  of  contadt  would  be  much 
greater. 

Place  a  pretty  large  drop  pf  quickfilver  upon 
^lean  paper,  and  let  two  pieces  of  glais  touch  it  on 
ctppofite  fides.  On  drawing  the  glafies  gently  from 
^acl^  other,  the  mercury  will,  in  confequence  of  its 
adherence  to  the  glafifes,  be  drawn  from  a  circular 
}nto  an  oblong,  oi;  oval,  fiiape. 

K^  If 


y. 
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If  quickfilver  be  put  in  a  glafs,  or  wooden>  01; 
earthen  vcflel  of  upwards  of  an  inch  in  width,',  the 
furfacc  of  the  quickfilv^r  .will  be  horizontal 'towards 
the  middle,  but  convex  towards  the  fides.  This 
alfo  is  the  cafe  when  a  pretty  large  quantity  of 
quickfilver  is  laid  upon  a  table,  or  on  a  piece  bC 
paper,  or  other  fiat  furface ;  the  gravicy  of  it  then 
exceeding  the  attraction  of  cohefion. 

If  an  iron  ball  (which  will  float  upon  quick- 
filver) be  laid  upon  it,  a  dcprcflion  of  the  qiiiLkfilver 
will  be  obferved  all  round  the  ball,  as  in  fig.  1 8« 
Plate  XI.  and  the  ball  will  run  towards  rhe  (idc 
of  the  vefTel,  provided  it  be  not^  fituated  too  fiir 
from  it.  Alfo,  if  two  fuch  balls  be  placed  upon 
quickfilver,  but  not  very  far  afunder,  they  will 
run  towards  each  other.  The  reafon  of  which  is,* 
that  where  the  cavities  or  deprefTions  of  the  quick-, 
fiiver  are  joined ;  that  is,  cither  between  the  ball 
and  the  fide  of  the  vefTel,  or  between  the  two  balk, 
there  the  prelTurc  of  the  quickfilver  irpon  the  ball,* 
or  balls,  is  diniinifhed  by  tlic  attraction  of  the 
quickfil^^er  below  j  and  of  courfe  the.  balls  are  inti- 
pellcd  that  way  by  the  fuperior  prefTure  on  the  op-^ 
pofite  fides. 

'  If  a  fmall  tube  AB,  fig.  19.  Plate  XI.  open  at 
both  ends,  be  pardy  iftimerfcd  in  mercury,  the 
mercury  will  be  found  to  ftand  lower  within  the 
lube  than  in  the  veflfel  i  and  this  depreflion  has  been 
found  to  be  inverfely  as  the  diameters  of  the  tubc5. 


t 
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Thu^  if  two  tubes  are  immerfed  in  quickfilvcr,  and 
the  diameter  of  one  is  double  the  diameter  of  the 
other ;  then  the  difference  of  perpendicular  altitudt?s 

■ 

between  the  furface  of  the  quickfilver  in  the  latter 
tube  and  in  the  bafon,  will  be  double  to  the  like 
diflfcrence  with  the  former  tube. 

Quickfilver  being  an  opaque  body,  it  will  be  nc- 
ceflary  to  hold  the  tube  AB  near  the  fide  of  the 
vefltl,  which  ■  is  ifuppofed  to  be  of  glafs,  in  order 
that  the  depreflion  of  the  quickfilvcr  within  the  tube 
may  be  perceived. 

The  lame  thing  takes  place  between  parallel  glafs 
plates;  viz.  if  they  be  immerfed  in  quickfilver,  that' 
fluid  metal  will  ftand  Ipwer -between' them  than  in 
the  reft  of  the  veflcl;  and  the  depreflion  is  likewifc 
inyerfcly  as  the  diftances  between  the  pbtes.  If  the 
plates  be  fituated  fo  as  to  form  a  fmall  angle; 
then  the  quickfilver,  rifing  lefs  near  the  angular  edge 
ihan  at  a  diftance  from  it,  will  furm  a  curve*. 

If  a  glafs  plate  6e  laid  in  an  horizontal  fituation 
with  a  largifh  dr6p  of  quickfilver  near  one  edge  of  it, 
asia  fig.  20.  Plate  XI.  which  reprefcnts  a  feftion 
of  it,  and  another  glafs  plate,  A  B,  be  laid  fo  as  to 
fonn  a  fmall  angle  with  it,  and  at  the  fame  time  tf> 
comprcfs  the  drop  of  quickfilver;. the  latter  will  be 
found  to  move  fpontaneoufly  towards  O,  viz.  towards 


*  This  curve  is  an  hyperbola,  whofc  afymptotss  are  the 
P^ndicular  edge  or  joining  of  the  glaffe*,  and  the  level  ot* 
hcj.    the  mercury  in  ihc  bafon. 

the 
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die  aperture  of  the  angle^  in  order  to  recover  its 
nearly  globular  figure. 

(fa  tube  open  at  both  ends,  but  having  its  lower 

» 

end  drawn  out  into  a  fine  capillary  aperture,  be  filled 
n^ith  quickfilver  to  the  altitude  of  about  an  inch  or 
two,  no  mercury  will  be  found  to  run  out  of  the 
lower  aperture }  but  if  this  lower  end  be  fuffcred  to 
touch  other  mercury,  or  if,  by  breaking,  off  part  of 
the  fm all  end,  the  aperture  be  enlarged,  then  the 
quickfilver  will  readily  run  out. 

Thofe  phenomena  with  quickfilver  arc  fo  evi- 
dently dependent  on  its  having  a  much  greater  at- 
tradicn  of  aggregation  than  of  cohefion  to  glafs  i 
and  they  are  fo  evidently  fimilar,  though  in  a  con- 

a 

trary  way,  to  tliofe  which  take  place  between  water 
and  glafs,  that  after  the  particular  explanations  which 
have  been  given  of  thofe  with  water,  it  is  ncedlefs  to 
dwell  any  longer  upon  thofe  with  quickfilver. 

Thefe  attradions  of  cohefion  and  aggregation 
form  a  confiderable  impediment   to  the  thorough 
inveftigation  of  the  laws  of  motion  with  refjxft  t(X 
fluids,  as  their  influence  is  far  from  having  been  en- 
tirely afcertained.    Even  the  laws  of  equilibrium  are 
affefted  by  them.  Thus  it  frequently  happens,  diat  if" 
two  fluids  of  difierent  fpecific  gravitiesi  like  watc  r 
and  fpirit  of  wine,  be  mixed  together,  they  will  after  - 
wards   remain   mixed  j    whereas  the  lighter  fluid 
ought  to  afcend  and  to  float  upon  the  heavier. 

Thus  alfo,  if  a  fmall  ftcel  needle,  clean  and  dry> 
be  gently  laid  upon  water,  the  needle,  though  fpcci- 
iiciiily  heavier  ihan  water,  will  be  found  to  float  upon 


.♦ 
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k.  This  efi^ft  is  owing  a>  the  attra^lion  of  the 
parricles  of  water  to  each  other,  which  the  fmall 
weight  of  the  needle  is  not  fufficient  to  overcooie. 
The  weight  of  the  needle  deprefles  the  particles 
of  water  *hirh  arc  direftly  under  it,  and  thcfe,  hj 
their  adhefion  to  the  contiguous  particles,  draw  them 
alfo  below  the  nAjal  level;  and  thus  a  cavity  of 
ConGderable  breadth  is  formed  all  round  the  needle, 
which  cavity  may  be  eafily  perceived  in  a  proper 
light. 

This  effect  has  been  commonly  attributed  to  a 
fuppoled  repulfion  between  water  and  ftceU  which 
b  not  trqe ;  for  though,the  particles  of  water  at- 
traft  one  another  with  greater  force  than  they  do 
thofc  of  fteel  i  yet  there  is  a  degree  of  attraftion 
lietween  them  and  fteel,  which  is  Ihewn  by  the 
J^dhciion  of  the  drops  of  water  to  iron  and  to 
ftccl. 

If  any  water  happen  to  get  over  the  floating  needle 
in  the  abovemeniioned  experiment,  then  the  hcter 
fills  immediately  to  the  bottom. 

The  diflFerent  degrees  of  the  attraflion  both  of 
aggregation  and  of  cohefion  between  the  particles 
of  the  fame  fubftance,  or  of  different  fubftances, 
fccm  to  (oim  all  the  imnienfe  gradation  from  the 
nioft  fluid  to  the  moft  folid  body,  whether  (imple  ot 
impound.  The  ftates  intermediate  between  thofc 
^trcmes,  are  exprefltd  by  the  various  nanfies  of 
fluid,  clammy,  fofr,  glutinous,  tenacious,  hard, 
'>nttle,  rigid,  &c.  But  as  thofe  names  are  inca- 
pable 
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pahle  of  any  prccjfe  definitions,  their  meanings  arc 
comn)on)y  ufed,  and  underftood  with  conOderable 
latitude.  The  (late  of  a  given  body  in  this  refpefi: 
is  afcertained^  either  by  obferving  the  weight  or 
,  force  which  is  required  to  difunite  its  parts  ;  or  by 
^comparing  it  with  other  bodies ;  as  when  it  is  faid, 
that  a  ruby  i^  fofter  than  a  diaoiond,  but  harder 
than  the  hardetl  fteei,  becaufe  with  it  you  nnay 
fcratch  the  ftecl  but  not  the  diamond  *. 

Various  experiments    have    been    inftitutcd  foF 
the  purpofe  of  determining  the  force  requifiie  to 


*  In  the  formation  of  fevcral  ftony  concretions;  in  the 
cryftaltization  of  falts,  after  having  been  difiblved  in  water; 
in  the  cooling  of  certain  metals  after  fufipn,  &c.  a  regular 
arrangement  of  parts  is  generally  obfcrved  ;  the  particles  of 
bodies  Qiewing  a  tendency  to  join  in  a  partkular  way.    It 
has  lilcewife  been  obferved,  that  in  the  formation  of  ftony 
concrctionS)  and  in  (bme  other  procefles,  the-flower  the  ope- 
ration is  performed,  the  harder  the  bodies  are,  which  refult 
therefrom.     Now  all  this  has  fuggefted  the  fuppofition  that 
the  particles  of  the  fame  fort  of  matter  have  an  attraction  to- 
wards each  other  with  certain  ends,  and  a  rcpulfion  with  the 
oppofitc  parts.     Hence,  when  they  are  placed  in  fuch  a  fitua- 
tion  as  may  allow  them  to  follow  that  natural  inclination, 
viz.  when  they  arc  rendered  fluid  by  heat,  or  by  folution  ii^ 
water,  &c.  then  they  adhere  to  each  other  with  their  fricndljr 
parts.     Alio  when  the  operation  proceeds  flowly,  then  th^ 
particles  have  more  time  to  arrange  themftlvcs  projxrrly.^ 
and    confcqiicnily    form    a    harder    body,    than   when  th^ 
operation  prucvcds  more  expjditioufly.      See  Higgins  on 
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fUfuoice  iblids  from  contiguous  fluids>  to  difunite 
ibiids  fsom  contiguous  folids,  and  to  break  or  to 
difunite  the  continuity  of  a  given  folid.  But  the 
circumftances  of  temperature,  purity  of  the  bodies, 
equality  of  fize,  furface,  &c.  render  fuch  experi- 
ments fubjefk  to  a  confiderable  uncertainty  ^  I  (hall, 
notwithftanding,  fubjoin  fome  of  the  lefs  equivocal 
refults  of  fuch  experiments.  The  properties  of 
folids  do  not  belong  to  this  part  of  my  work  i  buc 
t)iofe  particulars,  which  relate  to  their  hardnefs  and 
tcnacic)',  could  not  with  propriety  be  infcrted  in  any 
other  part  of  thefe  elements. 

If  from  each  of  two  leaden  bullets  a  piece  be  cue 

off  with  a  fharp  knife,  and  if  then  the  two  bullets  be 

prefied  with  their  flat  bright  furfaces  againft  each 

other,  (giving  them  a  litde  twift),  they  ill  be  found 

to  adhere  fo  firlnly  to  each  other,  that  fometimes 

the  weight  of  loo  pounds  will  hardly  be  fufficient 

to  feparate  them.     When  feparated,  a  confiderable 

degree  of  roughnefs  will  be  found  on  their  furfaces*^ 

The  bed  way  of  performing  this  experiment  is  re« 

prefented  in  fig.  21.  Plate  XI.  which  (hews  two 


*  The  adfaefion  of  the  two  bullets  is  certainly  not  owing 
tQ  the  preflfure  of  the  furromiding  air ;  for  in  th^  firft  place 
^Ke  atmofpherical  prefiure  is  by  no  means  fo  great  as  tQ 
produce  that  degree  of  adhefion  between' fuch  fmall  furfaces  ; 
^nd,  in  the  fecond  place,  the  two  bullets  thus  prepared  are 
^ujid  \Q  adhere  about  at  firmly  In  vacuo  as  they  do  in  air. 


prepared 
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prepared  bullets  ac.hcring  to  each  other,  and  each 
having  a  ring  or  bit  of  ftring  pafling  through  a  . 
hole,  fo  that  one  of  the  rings  may  be  faftened  to  a' 
nail,  or  other  fteady  fupport,  whilft  the  neccffary* 
weight  nriay  be  fufpended  to  the  other  ring  The 
flat  and  fnnooth  furfaces  of  other  metals^  of  giafi, 
&c.  do  alfo  cohere  to  each  other  with  confiderable 
force;  but  with  fuch  bodies  as  are  not  (b  pHable  asr 
lead,  a  certain  arrifice  is  required  (or  the  purpofej 
namely,  the  inrerpr)rition  of  fqme  fluid  as  water, 
oil,  &c.  or  of  fome  fubiiance  whicK  may  be  ap- 
plied in  a  fluid  ftate,  though  it  may  afterwards  co- 
agulate and  grow  folid,  as  tallow,  wax^  or  fluid 
metals. 

Two  brafs  polifhed  flat  fur&ces,  2  inches  in  dia- 
meter, fmeared  ovrr  with  greafc,  and  put  together 
in  a  pretty  hot  ftate,  will,  vtrhen  cold,  adhere  to 
each  other  fo  firmly  as  to  require  nearly  600  pounds 
weight  to  feparate  them. 

Every  body  knows  how  firmly  two  pieces  of  me- 
tal adhere  to  each  other,  when  they  arc  foldered  to- 
gether  y  that  is,  joined  by  the  interpofitiort  of  an* 
other  metal  in  a  fluid  ftate. 

It  muft  be  obferved,  however,  thkt  in  thefc  laft 
experiments,  where  fomething  is  interpofed  between 
the  two  furfaces,  the  adhcfion  feems  to  take  place, 
not  between  the  furfaces  of  the  two  folids,  fb  much 
as  between  each  of  thofe  furfaces  and  the  interpofed 
fubftance ;  for,  in  the  firft  place,  it  feems  ftrange  that 
two  furfaces  fliould  have  a  greater  attraftlon  to  each 

other 
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3ther  when  fomething  is  inccrpofed»  thaa  other- 
Hrife ;  and  fecondly,  ic  ha^  been  found  that  the  de- 
i;ree  of.  adhefion  differs  according  as  different  Tub* 
dances,  viz.  oil,  or  water,  or  waxj  greafe,  turpentine^ 
S(c.  are  interpofed  between  the  furfaces  of  the  verjr 
ame  folids. 

The  adhefion  in  thefe  experinxnts  is  partly  attri- 
buted to  the  preffure  of  the  atmofphere,  becauic 
bmetimes  the  adhering  places  are  feparated  in  aa 
;xhau(led  receiver.  But,  on  the  othei!  hand,  it  fcenis 
ikely  that  the  feparatioh  of  fome  of  them  in  the  e:^ 
uuftcd  receiver  is  occafioned  rather  by  the  extrica^ 
ion  of  air  from  the  fubftance  which  is  interpoled, 
dian  by  the  removal  of  the  atmofpherical  preffure. 

The  tenacity  or  ftrength  of  different  fubftances  is 

neafured  by  the  force  which  is  required  to  break  them^ 

fn  a  temperate  degree  of  heat,  it  has  been  found 

iiat  wires  of  the  following  metals,  drawn  through 

lie  fame  hole,  one  tenth  of  an  inch  in  diameter,  and 

&ftened  with  one  end  to  a  nail,  whiUt  weights  were 

fufpended  to  the  other,  could  not  be  broken  by.  any 

force  lefs  than  the  annexed  weights  *• 

Lead  —  —  29!-^ 

Tin  —  —  49  J 

Copper  ~  ^  a^^i 

Brafs  —  —  360 

Silver  —  —  370 

Iron  —  —  450 

Gold  —        — -         500  ^ 

"^  ■  ■       ■  .  .  ■  ^.^i         - ■       .     ■     p  - 

*  If  the  metals,  inftead  of  being  forned  into  wire  by  be- 
^g  pafled  through  a  hole,  be  fimply  caft  in  the  fame  mould 
^Cceffiirely,  and  be  then  broken  by  means  of  weights,  their 
^city  will  be^found  fomewhat  different  from  the  ftatements 
f  the  above  table. 

A  con- 


)  Pounds. 
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A  confidcrablc  diffirrencc  in  the  tenacity  of  mC' 
tallic  fubftances  is  occafibned  by  their  purity,  tem- 
peratare^  nnanncr  of  fbrmmg  thcrh,  &c.  Bilt  witl 
^ther  fubftianceSy  the  Budtqacion  of  their  tenacity  u 
much  greater  than  with  metals,  as  will  appear  frort 
the  following  obfervations  of  Mr.  Emerlbn. 

«  A  piece  of  good  oak,  an  inch  fqiiare,  and  % 
«  yard  long,  fupported  at  both  ends,  will  bear  ii 
««  the  middle,  for  a  very  little  time,  about  33c 
««  pounds  avoirdupoife  j  but  will  break  with  mon 
«*  than  that  weight.  This  is  at  a  medium ;  fo 
"  there  are  fome  pieces  that  will  carry  fomethin* 
«*  more,  and  others  not  fo  much.  But  fuch  ; 
•«  piece  of  wood  Ihbuld  ilot,  in  pradlice,  be  truflei 
«*  for  any  length  of  time  with  above  a  third  or  fourti 
«  part  of  that  weight.  For  fince  this  is  the  extrctni 
"  weight  which  the  beft  wood  will  bear,  that  of  j 

*'  worfe  fort  muft  break  with  it:     I  have  found  b^ 

• 

*'  experience,  that  there  is  a  great  deal  of  difference 
**  in  ftrength,  in  different  pieces  of  the  very  fami 
**  tr^e ;  fome  pieces  I  have  found  would  not  bca 
•*  half  the  weight  that  others  would  ^d.  The  wocft 
**  of  the  boilghs  and  branches  is  far  weaker  tha 
•'  that  of  the  body ;  the  wood  of  the  great  limbs  i 
^'  ftronger  than  that  of  the  fmall  ones ;  and  the  woci 
"  in  the  heart  of  a  found  tree  is  ftrongeft  of  all. 
"  have  alfo  found  by  experience,  that  a  piece  c 
«*  timber,  which  has  borne  a  great  weight  for  a  fma 
*'  time,  has  broke  with  a  far  lefs  weight,  when  Ic 
*'  upon  it,  for  a  far  longer  time.     Wood  is  likcwil 

*«  weak< 
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^  wealcer  when  it  b  grecn»  and  ftroogefl:  when  tho« 
**  roughly  drycd,  -and  (hmild  be  two  or  ihr'cc  years 
''  (dd  at  lead.  If  wood  happens  to  Jbe  i&ppy^  it 
^  will  be  weaicer  upon  that  account^  and  ii^iil  Jike- 
'*  wife  decay  fooner.  Knots  in  wood  weaken  it 
*'  very  ipuch,  and  this  often  caufes  it  to  break 
"  where  a  knot  b.  AHb  when  wood  is  crofs 
*'  grained^  as  it  often  happens,  in  fawing,  this  will 
^^  weaken  it  more  or  lefs,  according  as  it  runaniore 
"  orlefs  acrofs  the  grain.  And  I  have  found  by 
**  Experience,  that  tough  wood  crofs  the  grain,  fiich 
"  as  dm  or  afh,  is  feven,  eight,  or  ten  times  weaker 
*'  thaii  ftraight ;  and  wood  that  eaGly  fpllts,  fuch  as 

Ik 

^*  fir,  is  16,  1 8,  or  20  times  weaken  And  for  coni- 
"  mon  ufc  it  is  hardly  pofllble  to  find  wood,  but  it 
".ihuft  befubjefb  to  fome  of  thefe  things.  Befjdes, 
^  when  timber  lies  long  in  a  building,  it  is  apt  to 
**  decay,  or  be  worm-eaten,  which  muft  needs  vtx'j 
'*  much  impair  its  ftrength.  From  all  which  it 
'^  appears,  that  a  large  allowance  ought  to  be  made 
**  for  the  ftrength  of  wood^  when  applied  to  any 
''  ufe,  efpecially  where  it  is  defigned  to  continue 
"  for  a  long  time." 

**  The  proportion  of  the  ftrength  of  lewral  forts 
^  of  wood,  and  other  bodiea  diat  I  hsCve  tried^  will 
[.  **  appear  in  the  following  table : 

Box,  yew,  plun>tree,  oak      —      —    11 
Elm,  afli       —        —        —        —      8  J 
Walnut,  thorn    —        —        —      7  | 

VoL.n.  L  Red 
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Red  fir,  hollln,  elder,  plane,  craB-tree,  apple- 
tree        —        —        —        —      7 

Beech,  cherry-tree,  hazle       —        —  6t 

Alder,    afp,    birch,    white  fir,  i^illow  or 

faugh      —  .      —     .  —    ,   ^—  6 

Iron    —    —        ii—        —  — .  107 

Brafs          — •        —         —  —  50 

Bone          i-^    —        — .  —  aa 

Lcid           —        —        —  —  6f 

Fine  free^ftone         —        —        —  i 


A  cylindric  rod  of  good  clean  fir,  of  an  inch 
circumference,  drawn  in  length,  will  bear  at  the 
extremity  400  pounds,  and  a  fpear  of  fir  2  inches 
"  diameter,  will  bear  about  fcven  tons  5  but  not 


€€ 
€€ 
€€ 


"  more." 


"A  rod  of  gopd  iron  of  an  inch  in  circumference, ' 
"  will  bear  near  3  tons  weight.'* 

'*  A  good  hempen  rope  of  an  inch  in  circum- 
*'  ference,    will   bear  1000  pounds   at   the  extrc- 


mity. 


All  this  fuppofes  thefe  bodies  .to  be  found  and 
good  throughout ;  but  none  of  thcfc  (hould  be 
put  to  bear  more  than  a  third  or  a  fourth  part 

"  of   that   weight,   cfpecially  for   any   length  o( 

''  time."* 


cc 


*  Emerfon's  Princip.  ofMechan*.  fed.  VIII, — Sccalfo 
Muffchenhrock's  Introd.  ad  Philof.  Nat.  Caput  XXI.  I>i 
Coherentiai  it  Firmitati^  wherein  a  great  many  experiments 
are  mentioned  relative  to  the  adhefion,  ftrength,  tenacity,  &c. 
of  various  fubftances. 

The 
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The  \vord  Jirengtb  has  often  been  indifcriminately 
ufcd  for  exprcfiing  the  tenacity,  the  brittlenefs,  or 
the  rigidity  of  bodies  j  but  thofe  qualities  muft  be 
duly  diftinguiflied  from  each  other,  whenever  any  of 
them  is  to  be  ufed  in  mechanics,  or  in  other  circum- 
ftances.  Thus  glafs  may  be  broken  incomparably 
rafier  than  iron,  and  a  glafs  rod  can  iupporta  much 
fmallcr  weight  tlian  what  can  be  fupported  by  an 
?qual  iron  rod  :  yet  iron  may  be  fcratched  with  glafs> 
but  the  larter  cannot  be  fcratched  with  the  former* 

With  refpe(9:  to  hardnefs,  the  metals  may  be  placed 
in  the  following  order,  beginning  with  the  ^hardcll, 
md  ending  with  the  fofteft :  iron,  platina,  copper> 
Giver,  gold,  tin,  and  lead. 

The  fame  of  the  femi-metals)  as  far  as  it  is  known. 
Manganefe,  nickel,  bifmuch,  tungften,  zinc,  anti- 
mony, and  arfenic. 

With  refpeft  to  the  difference  oF  elafticityj  the 
metals  feem  to  follow  the  fame  order  as  they  do 
with  refpeft  to  hardnefs  ;  except  that  perhaps 
copper  might  be  placed  bjfore  platina. 

The  rigidity  and  the  elafticity  of  metalltc  fub- 
ftances,  arc  increafed  by  a  variety  of  means,  the 
principal  of  which  are  hammering,  prelfing,  cooling 
fuddenly,  and  mixing  fome  of  them  together  in  due 
proportions.  And  on  the  other  hand,  their  rigidity 
and  tlailicity  are  diminiflicd  (except  when  they  arifc 
from  mixture)  principally  by  heating  and  cooling 
gradually. 

Steel,  may  be  rendered  harder  than  any  other  mc- 
^llic  fubftance.    Thus  if  a  piece  of  ftccl  be  heated 
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red  hot^  and  in  that  ftate  be  plunged  in  oil,  it  will 
thereby  become  fo  hard,  that,  a  file  will  hardljr 
fcratch  it  5  and  it  will  be  rendered  ftill  harder,  if  in- 
ftead  of  oil,  the  red  hot  fteel  be  plunged  in  water; 
but  if  coW  mercury  be  ufcd  inftead  of  either  of 
thofe  liquors,  then  the  fteel  will  be  rendered  fo 
hard  as  to  fcratch  glafs  nearly  as  well  as  a  diz« 
mond. 

The  hardnefs  of  other  natural  folids,  befides  the 
metals,  differs  confiderably,  according  to  the  ftate  of 
purity  and  of  various  other  circumftances.  How- 
ever, a  ufeful  gradation  of  the  principal  natural 
folids,  With  refpedt  to  hardnefs,  is  exhibited  in  the 
following  lift,  which  begins  with  the  hardeft  and 
ends  with  the  fofteft. 


Diamond,  from  Ormos. 

Sardonyx 

Pink,    bluifh,    or 

yel- 

Amcthyft 

lowifh,  diamond. 

Mineral,  or  rock  cryftali 

Cubic  diamond. 

Cornelian.' 

Pale  blue  fapphire. 

Green  jafper. 

Ruby. 

Shoerl. 

Pale  ruby  from  Brazil. 

Tourmaline. 

Deep  fapphire. 

Iceland  agate. 

Topaz. 

Quartz. 

Whitifh  topaz. 

Opal. 

Spinel. 

Chryfolyte. 

Spathum  adamantinum, 

Reddifh  yellow  jafper. 

or  the  Corundum 

ftone. 

Zeolyte. 

Garnet. 

Fluor. 

Emerald. 

• 

Calcareous  fpar. 

Agate. 

Gypfum,  and 

Onyx. 

Chalk. 

The 
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The  reader  may  naturally  inquire  whether  the  at- 
tndion  of  cohe{ion»  and  the  attraction  ti  aggrega- 
tion,  follow  any  known  law  of  increafe  or  decrea(e» 
n  proportion  to  the  didance ;  but  his  inquiry  will 
loe  meet  with  any  fatisfadory  information* 

The  force  of  gravity  has  been  (hewn  to  dccreafe 
ireHcly  as  thp  Iquares  of  the  diftances.  But  the 
tcniifUon  o^  cobefion,  and  that  of  aggregation,  de- 
re^  much  faftcr :  for  inftance,  if  a,  force  of  a 
iiouiand  pounds  weight  be  required  to  break  a.  ccr- 
up»  iQlidi.  and  if  then  the  broken  parts  be  placed 
opdguous  to  each  other,  #d  fo  clof(;ly  that  the 
jrc  cannot  difccrn,  the  fra^ure  v  it  will  be  found 
b«t  tbiey  OMiy  b9  iitp^ratod  with,  the  vtmpft  &- 
:i%- 

It  has  been  fuppoied^  <hat  tbofc  attradions  de< 
crtafe  inverfely  as  the  cubes  of  the  diftances  ]  but 
ltf>  iatisiadory  experiments  have  as  yet  cftabliibed 
(bis  fiippoicd  Jaw. 


^3 
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CHAPTER     VI. 

or   THE    MOTION    OF    THE'  WAVES. 

THE  cffential  fafts  relative  to  the  attradions 
of  cohcfion  and  of  aggregation  having  been 
ftated  in  the  preceding  chapter,  we  muft  now  ex- 
plain the  theory  of  the  movements  of  fluids,  to 
which  we  (hall  add  feveral  experimental  obfervi- 
tions,  and  fhall  endea1l)ur  to  point  out  the  devia- 
tions of  the  refults  of  the  latter  from  the  determina- 
tions of  the  former. — The  fubjedt  is  cxtenfivc,  and 
but  imperfeftly  known.  We  (hall  therefore  adope 
concifenefs  as  far  as  it  may  be  compatible  with  pcr- 
fpicuity.  -  * 

AFGB,  fig.  T.  Plate  XII.  is  a  bent  cylindrical 
tube,  whofe  parts  A  F,  BG,  are  perpendicular -to 
the  horizon,  and  whofe  diameter  is  too  large  to  be 
confidcrably  affefted  by  capillary  attraftion.     Let 
fome  fluid,  for  inftance  water,  be  put  in  it;  and  if 
this  fluid  be  put  in  motion,  by  (baking  the  tube  once 
or  twice,  and  then  (lopping  it,  the  fluid  will.be  found 
to  continue  to  move  fome  time  longer ;  viz.  it  will 
be   found  to   afcend  in  one  leg,  and  to  defceod 
in  the  other  leg  alternately.     Thofe  vibration^  or 
(as  they  arc  ocherwifc  called)    locations,  become 
gradually  (horter  and  fhorter,  on  account  of  the 
friftion  between  the  flqid  and  the  tube,  until  at  laft 

the' 
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the  fluid  remains  perfedly  at  reft.  But  thofe  vibra- 
tions, whether  longer  or  fhortcr,  have  been  found 
to  be  performed  in  equal  portions  of  time  5  and 
thefe  are  equal  to  the  tin;ies  in  which  a  common 
pendulum^  the  length  of  which  is  equal  to  half  the 
ength  of  the  fluid  ENFGH^  performs  its  fmalleft 

dbrations(i.) 

The 


(f.)That  iS|  equal  to  the  times  in  which  a  cycloidal  pen- 
ttilum,  whofe  length  is  equal  to  half  the  length  of  the  fluid 
£NFGH}  performs  its  vibrations. 

When  the  fluid  in  one  leg  ftands  higher  than  in  the  other 
which  is  the  iituation  actually  reprefented  in  the  figure)  di- 
ide  the  difference  of  altitude,  EN,  into  two,  equal  parts  at 
vL<~The  fluid  aSuated  by  its  gravity  defcends  in  the  leg 
i  ¥y  whilft  it  afcends  in  the  oppofite  leg  B  G ;  and  when  it 
caches  the  fame  height  in  both  legs,  which  is  at  the  level  of 
Ay  it  would  remain  there  at  reft ;  but  having  acquired  a 
ertain  velocity  by  the  defcent,  it  is  thereby  enabled  to  con- 
inu^  its  motion,  until  it  rifes  as  high  as  the  level  of  E, 
n  the  other  leg  B  G,  excepting  a  fmall  dedwSHon 
that  muft  be  made  on  account  of  the  fridion.  When 
the  fluid  has  thus  afcended  in  the  leg  BG,  it  will  again  de. 
Icend  in  that  leg,  and  will  rife  anew^  in  the  other,  and  fo.  on ; 
but  performing  every  one  of  its  vibratious  a  little  fhorter  than 
the  preceding  one,  until  its  motion  is  entirely  deflroyed  by 
Ibe  fridion,  adhefion,  &c. 

The  quantity  of  matter  which  is  moved  tn  diis  experi- 
ment, is  all  the  fluid  in  the  tube.  The  moving  force  is  the 
^ght  of  the  fluid  E  N ;  viz.  the  double  of  £  M.  Now 
^  quantity  of  fluids  or  moving  force  £  N,  d%08  evidently 
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The  principal  ufe  we dudl  mskc  of  the  tbow  dr-« 
icribcd  vibrations  of  a^Aaid  in  the  bent  tube,  id  fer 

czpluaiisg 

kicreafe  and  decreafci  as  the  fpace  which  fs  to  be  run  through  * 
Ijr  Ihe  fluid  in  Older  t&  reach  the  pokitof  reftfOrletefofM; 
fince  its  length  is  always  the  double  of  that  fptcew    For  m* 
ftance,  when  the  upper  part  of  the  fluid  is  at  2  in  die  kg 
AF,  itmuft  ftand  at  O  in  the  other  leg^  dien  the  diffineoce 
of  altitude,  or  the  moving  force,  is  reprelented  by  Z  Ki 
which  x%  the  double  of  Z  M ;  and  the  (ame  thing  maybe 
fiitd  of  any  other  fituation  of  the  fluiJ*    But  it  has  been 
proved  (in  Prop.  X.  and  XV.  of  the  note  N.  1.  to  diap.  X.. 
Fart  L)  that  die  vibratiorMi  whether  long  or  fliorf,  of  a  cy- 
cloidal  pendulum  arc  performed  in  equal  portions  of  fimei 
for  the  very  fame  reafon,  namely,  becaufe  die  moving  force 
is  always  proportionate  to  the  arch  which  ftands  between 
the  point  from  which  the  pendulum  begms  to  de(cendf  in 
every  vibration,  and  the  k>weft  point  of  the  arch  of  vi« 
bration.     Thecefore  the  (ame   reafonfng  which  demon* 
ftrates  dus  propcny  of  the  cydoida]  pendolmn)   proves 
the    like    property    of  the    fluid    moving  in   the   tube 
AFGB. 
,  Since  the  moving  force  is  equal  to  the  difference  of  de* 
vatlon  between  the  fur&iee  of  the  fluid  in  one  leg,  and  that 
of  the  fluid  in  die  other ;  therefore,  when  the  fluid  is  att  in 
one  legy  the  moving  force  is  equal  to  its  cndre  weight  or 
gravity,  which  force  will  enable  it  to  defcend  perpendiculut^ 
through  a  fpace  equal  to  its  whole  length  in  a  certain  rime; 
and  fuice  this  defeeotis  only  a  long  vibration,  and  all  the  vi- 
brations have  been  dcmonftrated  to  be  performed  in  equal 
omes  \  therefore  that  aUb  is  the  time  in  which  die  fluid  wilt 
perfot  ov  cacl^  of  iis  vibrations  in  tbc  tube.     Bat  the  ttme  m 

which 
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ezpliiiiing  die  morion  of  the  waves,  to  which  they 
bear  a  great  degree  of  analogy. 

When  the  furfiurc  of  water  is  fmooth  and  at  reft* 
tf  any  force  (be  ic  the  adion  of  the  wind,  as  at.  Tea, 
or  the  fall  of  a  heavy  body,  &(i.)  dcpreis  the  fur- 
&ce  of  it  in  any  particular  place,  as  at  A,  fig.  2  and 
3,  Plate  XII.  (the  former  of  thofe  figures  exhibiting 
a  §c&ion^  and  the  latter  a  perpendicular  view  of  the 
fame  oI:^eft)  the  contiguous  water  will  neceflarily 
fife  aU  round  diat  place,  as  at  B BB ;  for  if  a  cer- 
tain quantity  of  water  be  deprefled  bebw  the  ufual 
kvcU  an  equal  quantity  muft  rife  in  fome  other 
place  above  that  levels  and  the  water  which  (landi 
clofefll  to  the  place  of  the  original  imprcflion,  will 
of  courie  be  moved. 

The  water  which  has  thus  been  elevated^  defcenda 
toon  after  in  confequence  of  its  gravity  s  and  by  the 
time  it  has  reached  the  original  levels  «ic  will  have 


uriiich  a  cydoidal  pendulum  perforais  each  of  its  vibrations 
is  equal  to  the  time  that  a  {xidy  would  employ  in  dcfcending 
perpendicularly  by  the  force  of  gravity  through  twice  the 
kagth  of  die  pendhilum  (fee  the  note  N.  i.  to  chap.  X.  of 
Pkrtl.)s  dierefere  the  fluid  in  the  tube  AFGH,  anda 
cycloidal  pendulum  of  half  thelengdi  of  the  fluid  £NFGH» 
wiU  ptrform  tiieir  vibrations  in  equal  times. 

If  the  reader  be  defirous  of  determining  the  time  of  vi- 
bration of  a  fluid  in  a  tube  which  is  not  of  equal  diametec» 
or  wfaoie  Iqgs  are  not  perpendicular  to  the  horia&on,  he  may 
confiitt  Newton's  Principia,   B.  IL   Prop.  44,  459  46  i 

EmeHbn's  Fluxions,  Sed.  III.  Prob.  XX.  &c. 

acquired 
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acquired  a  degree  of  velocity  fufficient  t<J  Carry  \t 
lower  than  that  level  >  therefore  it  no^y  ads  as  an- 
other original   moving   force,    in  confcquencc  of 
which  the  water  will  be  raifcd  on  both  fides  of  it, 
viz.  at  A,  and  at  CCC,  fig.  3  and  4,  Plate  XII. 
And  for  the  fame  reafon,  thcdefcent  of  tbofe  elevat- 
ed parts  will  produce  other  elevations  contiguous  to 
them,  as  at  B  B,  D  D,  fig.  2  and  3,  and  fo  forth* 
Thus  the  aliernate  rifing  and  falling  of  the  water  in 
ridges  will  expand  all  round  the  original  place  of 
motion  ;  but  as  they  recede  from  that  place,  fo  the 
ridges  as  well  as  the  adjoining  hollows,  grow  fmaller 
and  fmaller,  until  they  vanifh.     This  diminution 
of  fiie  is  produced  by  three  caufes ;  viz.  by  the 
want  of  perfc6l  freedom   of  motion  amongft  the 
particles  of  water,  by  the  refiftance  of  the  air,  and  by 
the  farthe^  ridges  being  larger  in  diameter  than  thofc 
which.are  nearer.  / 

It  is  like  wife  on  account  of  the  fridion,  or  ad- 
hefion,  amongft  the  particles  of  water,  and  of  the  • 
refiftance  of  the  air,  that  in  the  fame  place  the  al- 
ternate elevations  and  deprellions  dimini(h  gradu- 
ally, until  the  water  reafifumes  its  original  tranquil- 
lity ;  unlefs  the  external  imprefllon  be  renewed  or 
continued. 

One  of  the  abovementioned  ridges,  or  elevations, 
together  with  one   adjoining  cavity,    is   called  a 

The  breadth  of  the  wave  is  the  part  of  the  hori- 
zontal  line,  which  is  occupied  by  a' wave ;  and  this 

is 
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is  evidently  equal  to  the  diftancfe  between  the  tops  of 
two  contiguous  ridges,  or  between  the  lowed  points 
of  two  contiguous  hollows. 

A  wave  is  laid  to  have  run  its  brea^thy  when  its 
elevated  part  is  arrived  at  the  place  where  the  ele- 
vated part  of  the  next  wave  ftood  before,  or  when 
the  elevated  part  B  has  moved  as  far  as  D  ;  or  (the 
fituations  of  two  contiguous  waves  being  given) 
when  one  of  them  is  arrived  at  the  place  of  the 
other;  and  the  time  which  is  employed  in  this 
tranGtion  is  called  the  time  of  a  ivave's  motion. 

It  muft  not  however  be  imagined  tHat  the  water 
is  by  this  means  carried  progreflively  from  A  to- 
wards B,  D,  &c,  it  being  only  the  fucceffive  rifing 
and  falling,  which  is  communicated  from  the  ori- 
ginal centre  of  motion  to  the  next  parts  pro- 
greflively. This  ma.y  be  clearly  perceived  by 
laying  fmall  floating  bodies  upon  the  fuiface  of 
the  water,  for  they  will  be  moved  up  and  down,  but 
^will  not  recede  from  their  original  places. 

Now  the  alternate  rifing  of  the  water  in  two  ad- 
joining places,  as  at  B  and  C,  has  been  juftly  confi- 
dered  as  analogous  to  the  vibratory  motion  of  the 
water  in^the  bentjcube,  fig..  1.  fo  that  the  diftancc 
between  the  upper  point  of  the  ridge  of  a  wave  and 
the  loweft  part  of  its  hollow,  is  like  the  length  of 
the  fluid  in. the  tube,  fig.  i.  the  difierence  at  leaft  is 
not  very  great.  Therefore  the  wave  will  perform 
one  vibration,  that  is,  the  ridge  of  it  will  become 
the  hollow  part,  and  the  latter  will  be  elevated,  in 
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the  fame  time  that  a  pendulum  of  half  the  length  oT 
the  wave,  (viz,  half  the  length  of  the  furfacc  of 
the  water  between  the  upper  part  of  the  ridge  and 
the  lowed  part  qf  the  hollow)  will  perforni  one  of 
its  leaft  ofcillations*  Hence  the  modon  of  waves  is 
regular,  or  the  riQngs  and  fallings  of  the  water  in  the 
fame  place  are  performed  in  equal  portions  of  tirnc^ 
as  is  the  cafe  with  the  fluid  in  the  tube,  6g.  \. 

But  this  time  of  vibration  is  half  die  dme  in  which 
a  wave  will  run  its  breadth  ;  for  in  order  to  run  that 
breadth,  the  ridge  mud  come,  not  to  the  place  where 
jhe  next  hollow  (tood,  but  to  the  place  where  the 
next  ridge  ftood.  Therefore  a  wave  will  run  its 
breadth  in  the  fame  time  that  a  pendulum  of  half  its 
length  will  perform  two  of  its  lead  vibrations  i  or  to 
the  time  in  which  a  pendulum  equal  to  four  times 
that  length,  (viz.  equal  to  the  length  of  the  fur&ce 
BCD)  will  perform  one  vibration;  fince  the 
times,  in  whidi  pendulums  of  different  lengths 
perform  their  vibrations,  ar^  as  the  fquares  of  their 
lengths. 

When  the  waves  are  broad  and  do  nx>t  rife  high, 
tlien  the  abovementioned  length,  BCDj  will  not 
differ  much  from  the  breadth  of  the  wave  %  and  in 
that  cafe  the.  wave  will  run  its  breadth  in  the  £une 
time  that  a  pendulum,  whqfe  length  is  equal  to  that 
breadth,  perforncis  one  of  its  vibradons.  Hence,  if 
the  breadth  of  a  wave  be  39^1196  inches*;  then 


*  Such  being  the  length  of  the  pendulum  which  vibrates 
&copd8.    See  page  196*  vol.  I^ 

that 
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that  wave  will  move  on  at  the  rate  of  39,1 196  inches 
per  fccond  of  time ;  that  is,  at  the  rate  of  1 95  feec 
per  minute,  nearly. 

It  will  eafiljr  be  conceived  that  the  waves  rife 
higher  or  lower,  according  to  the  power  of  the  ori- 
ginal moving  force ;  for  the  more  water  is  difplaced 
by  that  force,  the  greater  quantity  of  it  muft  be  ele- 
vated above  theufual  level;  and  of  courfe  the  breadth 
of  the  waves  is  iikewife  greater. 

It  fcems  to  be  pretty  well  determined  from  a  va- 
riety of  experiments  and  obfervations,  that  the  ut- 
moil  force  of  the  wind  cannot  penetrate  a  great  way 
into  the  water;  ^nd  that  in  great  ftorms  the  water  of 
the  (ea  is  flightly  agitated  at  the  depth  of  20  feec 
below  the  ufiial  level,  and  probably  not  moved  at  all 
at  the  depth  of  30  feet  or  five  fathoms  *.  Therefore 
the  aftual  difplacing  of  the  water  by  the  wind  can- 
not be  fuppofcd  to  'reach  nearly  fo  low  j  hence  it 
(hould  feem  that  the  greatcft  waves  could  not  be  fo 
very  high  as  they  arc  often  reprefentcd  by  accurate 
and  creditable  navigators.  But  it  muft  be  obferved 
that  in  ftorms,  waves  increafo  to  an  enormous  Gze 
from  the  accumulation  of  waves  upon  waves  j  for 
as  the  wind  is  continually  blowing,  its  adtion  will 
taife  a  wave  upon  another  wave,  and  a  third  wave 
upon  a  fecond,  in  the  fame  manner  as  it  raifes  a 


•  Boyle's  works,  folio  edition,  vol.  III.   Relations  about 
die  bottom  of  the  Sea.    Seel.  HI. 

wave 


158  Of  the  Motion  of  the  Waives. 

wave  upon  the  flat  furfacc  of  the  water.  In  faft,  at 
fca,  a  variety  of  waves  of  difierent  fizcs  are  fre- 
.quently  fcen  one  upon  the  other,  efpecialljr  whilft 
the  wind  is  aftually  blowing.  And  when  it  blows 
frfefti,  the  waves,  not.  moving  fu/Eciently  quick, 
their  tops,  which  arc  thinner  and  lighter,  are  im- 
pelled forward,  ^re  broken,  and  turned  into  a  white 
foam^,  particles  of  which,  called  xkitj^rayy  arc  carried 
a  vaft  way. 

Waves  are  circular,  or  ftraighr,  or  otherwifc 
bent,  according  as  the  original  imprefiion  is  made 
in  a  narrow  fpacc  nearly  circular,  or  in  a  ftraigbt 
*  line;  or  in  other  configurations.  In  open  feas  ti)e 
waves  generally  are  in  the  ihape  of  ftraight  furrows, 
becaufe  the  wind  blows  upon  the  water  in  a  parallel 
manner^at  lead  for  a  long  apparent  tra A. 

When  the  water  receives  Icveral  inapulfes  at  the 
lame  time,  but  in  differejit  places,  then  the  waves 
which  proceed  from  thofe  places  muft  ncceffarily 
crofs  each  other. — By  this  crofling  the  waves  do  not 
difturb  each  other;  but  they  follow  their  proper  di- 
reftions,  by  pafljng  one  upon  the  other.  Thus  if 
two  (tones  be  thrown  upon  the  furface  of  ftagnant 
water  nearly  at  the  fame  time,  but  at  a  little  distance 
from  each  other;  the  circular  waves  which  proceed 
from  thofe  places  will  be  ckarly  perceived  to  (rrofs 
each  other,  and  to  follow  their  peculiar  courfes. 
The  reaibn  of  which  is,  that  the  lame  caufe  which 
produces  the  alternate  rifing  and  falling  of  the  water 
upon  the  furface  of  othcrwife  ftagnant  water,  muft 

operate 
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operate  in  the  fame-  manner,  and  muft  produce 
the  like  efFcft  on  the  furface  of  another  wave. 

When  a  wave  meets  with  an  obftaclc  which  is 
ftraight  and  perpendicular,  fuch  as  a  wall,  a  deep 
bank,  as  RS,  fig.  3.  then  the  wave  is  reflefted  by 
k,  and  the  (hape  of  the  rcflefted  or  retrograde 
wave,  is  the  reveffe  of  what  it  would  have  been  on 
the  other  fide  of  the  obftacle,  had  the  obftaclc  not 
etifted.  Thus  in  fig.  3.  the  refleded  wave  n)tv 
has  the  fame  curvature  as  it  would  have  had  zt  xyx, 
if  the  obftaclc  had  not  refle6tcd  it;  for  the  middle 
part  of  the  curvature  muft  naturally  meet  the  obfta- 
cle, and  rauft  be  rcflcfted  by  it  firft  j  fo  that  this 
part  win  be  found  at  /,  when  the  adjoining  parts 
which  arc  reflefted  after  it  are  at  vv.  Sec. — And  fincc 
■waves  will  crofs  without  obftrufting  each  other,  the 
refle&ed  waves  will  proceed  fi-om  the  obftacle,  and 
will  expand  all  round,  ^c. 

When  the  bank  or  obftacle  is  inclined  to  the  ho- 
rizon, as  is  fi-equently  the  cafe  on  the  fliores  of  the 
fca  i  then  the  refleftion  of  the  waves  is  difturbed, 
and  it  is  often  abfolutcly  deftroyed  by  the  fr idtion  of 
'  the  water  upon  the  ground. 

If  the  obftacle  be  fuch  as  to  refleft  a  part  only  of 
the  wave,  fuch  as  a  ftone  or  a  poft,  which  is  fur- 
rounded  by  the  water ;  then  the  wave  will  be  partly 
refleded  in  ftiapes  and  direftions  which  differ  ac- 
cording to  the  form  and  fize  of  the  obftacle,  whilft 
the  reft  of  the  wave  will  proceed  in  its  original  di- 
feftion. 

When 


^hen  a  kole  in  an  obftacle  permits  part  only  of 
t  Wave  togo  through^  as  at  Z,  fig.  3.  then  circular 
Miraves  will  be  formed  on  the  other  fide  of  the  obfta- 
dct  wbQ&  centre  is  the  hole ;  for  in  fad  thofe  waves 
jowe:tbetr  origin  to  the  motion  of  the  water  in  that 
|>la!ce  only. 

The  fame  caules  which  raife  water  into  waves, 
muQ:  evidently  produce  the  like  effed:  on  other 
£uidS)  but  in  dif&rent ,  degrees>  according  as  tlie 
fluid  is  more  or  lefs  heavy^  as  its  particles  adhere 
more  or  leis  forcibly  to  each  other,  and  probably 
likewife  according  as  there  is  a  greater  or  lefs  de- 
gree of  attra£tion  between  the  fluid  and  the  other 
body,  which  gives  it  the  impulfe. 

When  a  ftone  or  other  heavy  body  is  dropped  on 
the  furface  of  oiJ,  the  waves  are  not  nearly  fo  highi 
nor  fo  quick,^  neither  do  they  fpread  fo  far  as  the 
waves  of  water.  This  cffeft  is  evidently  owing  to 
the  clamminefs,  or  great  degree  of  adhefion  between 
the  particles  of  the  oil. 

If  the  waves  upon  oil  be  attempted  to  be.raifed 
by  the  force  of  wind,  it  will  be  found  very  difficult 
to  fucceed  even  in  a  moderate  degree.  This  diffi- 
culty is  in  a  great  meafure  owing  to  the  atcrafUoa 
between  the  pardcles  of  oil ;  but  befides  this,  there 
may  be  lefs  attraction  between  oil  and  air,  than  be- 
tween the  latter  and  water  ;  for  water  always  con- 
tains  a  certain  quantity  of  air ;  and  if  it  be  deprived 
of  that  air  by  means  of  boiling  or  othcrwifc,  a  fhort 
2  cxppfurc 
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exppfure  to  the  atmofphere  will  enable  the  water  to 
reimbibe  it. 

It  IS  likewife  probable,  that  the  furface  of  water, 
even  when  ftagnant,  may  not  be  fo  fmooth  as  the 
furface  of  oil ;  fo  that  the  wind  may  more  eafily 
catch  into  the  inequalities  of  the  former  than  of  the 
latter. 

It  is  remarkable  that  the  efFedt  of  the  wirtd  Upon 
water  may  in  a  great  meafure  be  prevented  or  mo- 
derated, by  fpreading  a  thin  Him  of  oil  on  the  furface 
of  the  water. 

No  great  quantity  of  oil  is  required  for  this  pur- 
pofe  i  for,  though  oil  be  very  clammy  and  adhe- 
five  to  almoft  all  other  bodies  i  yet  when  dropped 
upon  water,  it  will  inft^ntly  fpread  and  extend  itfelf 
over  a  vaft  furface  of  water  ;  and  it  will  even  drive 
fmall  floating  bodies  out  of  its  way,  acquiring,  as  it 
feemsj  a  repulfive  property  amongft  its  own  par* 
ticles. 

This  repulfion  may  be  (hewn  in  the  .following 
amufing  manner:  Cut  a  light  (having  of  wood,  or 
of  paper,  in  the  form  of  a  comma,  or  of  the  (ize  and 
Ihape  of  fig.  5.  Plate  XII.  fmear  it  with  oil,  then 
place  it  upon  the  furface  of  a  pretty  large  piece  of 
fmooth  waters  and  the  bit  of  wood  or  paper  will  be 
fccn  to  turn  round  in  a  direftion  contrary  to  that  of 
the  point  A,  which  is  occa(ioned  by  the  ftream  of 
oily  particles  ifluing  from  the  point  ahd  fpreading 
themfdves  over  the  furface  of  the  water, — This  ex- 
{)eriment  will  not  fucceed  in  a  bafon  or  other  fmall 
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veffel  full  of  watcr^  whcrc^  the  particles  of  oil  have 
npc  room  enough  to  expand  themfelves. 

If  a  heavy  body  be  dropped  on  the  furface  of  wa- 
ter which  is  thus  covered  with  a  film  of  oil,  the 
waves  will  take  place  in  the  fame  manner  as  if  there 
were  no  oiL  But  the  blowing  of  the  wind  will  have 
little  or  no  efFcft  upon  it.  In  this  cafe  the  oil  feems 
to  aft  between  water  and  air,  in  the  fame  nianner 
as  it  afts  between  the  moving  parts  of  mechanical 
engines ;  viz.  it  lubricates  the  parts^  and  renders 
the  motion  free  and  eafy. 

.  But  whether  this,  be  the  real  explanation  or  not, 
the  fa6t  is  not  lefs  true  than  furprifmg  $  and  a  very 
ufeful  confequence  has  been  derived  fjrom  it,  name- 
ly, a  method  of  ftilliog  the  waves  of  the  fea  in  cer« 
tain  cafes. 

.    It  is  cxprefsly  mentioned  by  Plutarch*  and  Pli- 
ny'f,  that  the  ieamen  of  their  times  ufed  to  dill  the 
waves  in  a  ftorm,  by  pouring  oil  into  the  fea.     But    ; 
fince  the  revival  of  learning,  though  feveral  objerva- 
tions  relative  to  it  are  to  be  found  in  accounts  of 
voyages,  &c.  yet  I  do  not  know  that  Any  notice  | 
has  been  taken  of  this,  account  by  any  philofophical  j 
writer,  previous  to  the  late  celebrated  Dr.  Franklin,  j 
who  collefted  feveral  accounts  relative  to  the  fub-  f 


>«*^ 
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.f  Hid,  Nat,  lib.  ii.  c.  103. 
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jccl,  and  made  a  variety  of  experiments  upon  it,  the 
fum  of  which  is  as  follows  ♦• 

A  fmall  quantity  of  oij,  for  inftance,  ?  quarter  of 
an  ounce,  will  fprcad  itfelf  quickly  and  S>rcibly  upon 
the  water  of  a  pond  or  hke^  to  the  ex^nt  of  more 
dun  an  acre ;  and  if  poured  on  the  windward.'fide, 
Ihe  water  will  thereby  be  rendered  quite  fmooth  as 
far  as  the  film  of  oil  extends,  whilft  the  reft  of  the 
pond  may  be  quite  rough,  from  the  aftion  of  the 
Ivind. 

If  the  oil  be  poured  on  the  leeward  fide,  then  the 
force  of  the  wind  will  in  a  great  meafure  drive  it  to- 
Wards  the  bank.  Befides  which^  the  experiment  is 
fruftrated  i>y  the  waves  coming  to  that  fide  already 
Formed;  fbr  the  principal  operation  of  the  oil  upon 
water  is,  as  it  fcems,  ift.  to  prevent  the  raifing  of 
new  waves  by  the  wind  j  and  idly,  to  present  its 
Oriving  thofe  which  are  already  raifed  with  fo 
much  force,  as  it  would  if  their  furface  were  not 
oiled.. 

Such  experiments  at  fea  are  evidendy  attended 
with  a  great  many  difficulties  1  but  in  particular 
cafes  ^fiential  advantages  may  be  derived  from  the 
ufe  of  oil,  and  feveral  inftances  of  its  having  been 


*  See  bis  paper  on  die  (Klling  of  waves  by  means  of  oil, 
in  the  Phil.  Tranfadions,  vol.  ^XIV.  pr  in  his  niifcella- 
iKous  pdpers. 
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of  very  great  fcrvicc^  arc  recorded*.  *'  We  might,'* 
iays  Dr.  Franklin,  "  totally  fijjpprcfs  the  waves  in 
**  any  required  place,  if  we  could  come  at  the 
**  windward  place^  where  they  take  their  rifr. 
"  This  in  the  ocean  can  feldom  if  ever  be  done. 
*^  But  perhaps  fomething  may  be  done  on  particu- 


*  Mr.  Tengnagel,  in  a  letter  to  Count  Bentinck,  dated 
Batavia,  January  the  5th,  1770,  iays,  ^  Near  the  Iflands 
Paul  and  Aoifterdam,  we  met  with  a  ftorm  which  had  nothing 
particular  in  it  worthy  of  being  communicated  to  you,  except 
that  the  Captain  found  himfelf  obliged,  for  greater  (afety  in 
wearing  the  fhip,  to  pour  oil  into  the  fea,  to  prevent  the 
waves  breaking  over  her,  which  bad  an  excellent  cffed, 
and  fucceeded  in  preferving  us."  Phil.  Trania&iom, 
voL  LXIV.  page  456. 

It  has  been  remarked  In  Rhode  Ifland,  that  the  harbour  of 
Newport  is  ever  finooth  whilft  any  whaling  veflels  are  in  it; 
which  is,  in  all  probability,  owing  to  the  fifh-oil  that  maj 
come  out  of  them. 

It  is  faid  to  be  a  pra£lice  with  the  fifhermen  of  Lifbon 
when  about  tb  return  into  the  river  (if  they  fee  before 
them  too  great  a  furf  upon  the  bar,  which  they  apprehend 
might  fill  their,  boats  in.paiSng)  to  empty  a  bottle  or  two  of 
oil  into  the  fea,  which  will  fupprefs  the  breakers,  and  allow 
them  to  pafs  fafely. 

In  various  parts  of  the  coafl  of  the  Mediterranean,  and 

clfewhere,  it  is  a  practice  of  the  fifbermen,  to  fprinkle  a 

little  ojl  upon  the  water,  which  fniooths  the  furnace  of  the 

water  that  is  ruf&cd  by  the  wind,  and  thus  enables  them  to 

fee  and  to  ftrike  ihe  fifh. 

«  kr 
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•*  lar  cccafions,  to  moderate  the  violence  of  the 
*^  waves,  when  we  are  in  the  midft  of  them,  and 
*^  prevent  their  breaking,  where  that  would  be  in- 
**  convenient. 

**  For  *when  the  wind  blows  frefii,  there  are  con- 
*'  tinually  rifing  on  the  back  of  every  great  wave, 
^*  a  number  of  fmall  ones,  which  roughen  its  fur- 
face,  and  give  the  wind  hold,  as  it  were,  to  pufh 
it  with  greater  force.  This  hold  Is  diminiflied 
^  by  preventing  the  generation  of  thofc  fmall  ones. 
^  And  poflibly  too,  when  a  wave's  fufface  is  oiled, 
'*  the  wind,  in  paffing  over  it,  may  radiei*  in  fomc 
•*  degree  prefs  it  down,  and  contribute .  to  prevent 
*^  its  rifing  again,  inftead  of  promoting  it."  * 

Lig^t|Srolarile,  or  ^therial  oils,  like  ether,  fpirit 
of  turpentine,  &c.  do  not  poflefs  the  fame  proper- 
ty as  fat  oils,  fuch  as  olive  oil,  lin-feed,  jape-feed 
oU^  traio-oil;  &c. 


€€ 


M  3 


i    »66    3 


CHAPTER     VII,     ' 

I 

} 

OF   THE    MOTION     OF     FLUIPS     THROUGIT    HOUSS^ 

PIP£$^   CANALS^  &C. 

TH  E  infufficiency  of  the  common  theory  to 
account  for  the  phenomena  which  have  been 
obferved  relatively  to  fluids  in  motion^  fu^efts  the 
expedientof  dating  the  refults  of  the  principal  and 
mod  authentic  experiaients  which' have  hitherto 
been  made  in  this  branch  of  natural  philofophy ;  k 
being  frbn^  a  collection  of  well  eftabliihed  fadsj  that 
•  a  ufeful  fet  of  theoretical  propofitions,  or  natural 
laws,  may  hereafter  be  deduced.     We  (ball  never- 
thelels  briefly  prefix  the  leading  proportions  of  the 
common  theory,  in  order  that  the  deviations  of  its 
refults  from  thofe  of  aftual  experiments,  may  be 
rendered  more  evident  to  the  reader.     And  in  this 
place  it  feems  proper  to  obferve,  that  the  impcr- 
fe6lions  of  this  theory,   which  in  truth  is  partly 
eftablifhed  upon  fafts,  muft  be'  attributed  not. to 
?ny  deficiency  in  the  mode  of  rcafoning,  but  to  the 
want  of  adequate  principles  to  eftablifh  that  reafon- 
ing  upon,— The  demonftration  of  any  propofition, 
whether  in  mathematics  or  iiy  any  other  fubjcft) 
dpes  only  (hew  the  natural,  nece(rary,  and  uncon- 
trovertable  dependence  of  one  idea  upon  the  next, 
throughout  the  whole  chain  of  ideas,  which  inter- 
vene 
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vcnc  between  the  aflertion  of  the  propofition,  and 
certain  pinciples  or  axioms.  Therefore  the  de- 
monftration  may  be  ftriftly  juft  and  proper,  yet 
the  propoGdon  may  be  cither  tnie  or  falfe,  accord- 
ing as  the  principles  upon  which  it  is  eftablilhed  arc 
Crue  or  falfe ;  and  according  as  all  the  principlt^ 
upon  which  that  propoHuon  depends,  or  fome  of 
them  only,  have  been  taken  into  the  account. 

Now  with  refpeft  to  the  theory  of  fluids  iq 
notion*  the  ctefed  arifes  from  the  imperfefb  know- 
ledge of  the  principles,  or  the  circumftances  upon 
which  the  phenomena  depend. 

Aooording  to  the  common  theory.  I.  When  a 
fiuki  19  conveyed  through  a  pipe  of  an  uniform 
ixire*  or  a  channel  of  an  uniform  fhape  and  capa- 
city^ OS  ia  fig.  6.  Plate  XII.  the  velocity  of  the 
fluid  is  the  lame  in  every  fedion  of  it ;  viz«  in  the 
bxnt  time  an  equal  quantity  of  fluid  will  pais 
through  AB,  or  through  DC,  or  through  £F,  &c. 
JPut  if  the  £ud  channel  or  pipe  be  narrower  at  fome 
places  than  at  others,  then  the  vebcicies  of  the  flukl 
which  pafles  through  it  will  be  different ;  viz.  at 
different  ie&ions  the  velociries  will  be  inveriely  as 
die  areas  bf  the  fedbions.  Thus,  fuppofe  that  in  the 
channel,  6g.  7.  PJatc  XIL  the  aperture,  or  the 
area  of  the  feftion  AB,  is  equal  to  half  the  area  of 
the  fedkiito  C  D ;  then  the  velocity  of  the  fluid  at 
AB  will  be  double  the  velocity  of  the  fluki  at  CD; 
for  (ince  the  channel,  or  pipe>  remains  always  full, 
it  is  evident  diat  in  the  fame  time  an  equal  quantity 
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of  fluid  mud  pafs  through  CD,  as  through  AB« 
But  at  AB  the  capacicy  of  the  pipe  is  half  that  at 
CD;  therefore  the  fluid  muft  movie  through  AB  as 
quick  again  as  it  does  through  C  D ;  (ince>  if  it 
moved  with  the  fame  velocity  through  both  places, 
the  quantity  of  fluid  which  paflTed  through  AB  in  a 
certain  time^  would  be  the  half  of  what  pafied  . 
through  C  D  ;  in  which  cafe  the  channel  would  not 
'  remain  equally  fulL 

II.  If  a  fmall  aperture  be  made  in  the  bottoos 
cr  in  the  fide  of  a  veflel  full  of  water  and  open  at 
top ;  equal  quantities  of  water  will  flow  out  of  it  in 
equal  portions  of  time,  provided  the  vefliel  be  kept 
continually  full,  by  means  of  a  proper  fupply  of 
water.    But  if  the  veflel  be  not  fupplied  with  water 
(in  which  cafe  the  quantity  of  water  in  it  will  he 
gradually  dimioiflied,  until  its  furface  arrives  at  .(he 
aperture)  j  then  the  water  will  flow  oup  of  the  aper-  . 
ture  with  a  velocity  which  is  continually  retarded; 
and  which  has  been  found  to  be  nearly  equal  to  the 
velocity  which  a  body  would»  acquire  in  falling 
through  a  fpace  equal  to  half  the  perpendicular  al- 
titude of  the  fluid  above  the  aperture  j  hence  the 
velocity  is  as  the  fquare  root  of  that  altitude.     (Sec 
what  has  been  faid  concerning  the  defcent  of  bodies 
.in  Chap.  V.  Part  I.) 

III.  If  in  the  bottoms  or  in  the  fides  of  equal 
veflels  containing  water,  equal  apertures  be  made,  but 
at  different  diftahces  from  the  furface  of  the  water ; 
t]ien  the  quantities  of  water  which  wUl  flow  in  » 

given 


i 


f 
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given  time,  will  be  as  the  iquarc  roots  of  the  alti- 
tudes of  the  water  above  the  apertures  refpedtivcly; 
fince,  by  the  preceding  paragraph,  the  velocides  are 

in  that  proportion. 

IV.  In  equal  veffels  foil  of  water,  if  unequal 
apertures  be  made  at  equal  diftances  below  the  fur- 
face  of  the  water,  then  the  quantities  of  water  which 
flow  in  a  given  time,  are  nearly  as  the  areas  of  the 
apertures.  Hence,  if  cylindric  Vcflcls,  foil  of  water, 
be  equal  in  every  refpcft,  except  their  having  un- 
equal apertures,  the  times  in  which  they  are  emptied 
will  be  inverfely  as  the  areas  of  their  apertures ;  and 
if  they  are  equal  in  every  other  relpefl,  except  in 
their  diameter,  then  the  times  of  emptying  theni- 
felveswilli>e  as  their  contents  refpeftively. 

V.  Let  a  veflel  of  a  cylindric  or  prifmatic  form 
be  fet  up  perpendicularly  to  the  horizon,  and  an 
aperture  be  made  in  its  bottom  ;  then  if  the  veflel 
be  kept  conftantly  full  by  a  fupply  of  water,  twice 
the  quantity  of  water  will  flow  out  of  the  aperture 
in  the  fame  time  in  which  the  veflel  would  empty 
itfclf  if  it  were  not  fupplied  with  water. 

The  demonftration  of  thofe  propofitions  tnight 
be  eafily  derived  from  the  dodrine  of  motion  aU 
ready  explained  * :  but  the  determinations  of  thofe 
propofitions  deviate  more  or  lefs  from  the  refults 
of  adual  experiments  -,  and  this  deviation  is  owing 
bJ| —J — ^ __ 

♦  Sec  D.  Bernoulli's  and  D'AIcmbert's  Theories,    Alfo 
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to  the  foUowiog  caufes  or  ^  concurring  ctrcum'- 
fiances,  which,  on  account  q{  their  uncertain  or 
fliuEbuating  nature,  have  not  yet  been  fufficientlf 
inveftigated. 

Thefe  are  the  peculiar  natures  of  fluids,  ^hich 
vary  according  to  the  temperature,  purity,  &c.— • 
the  attraftion  of  aggregation,  or  (as  it  is  otherwife 
called)  the  corpufcular  aUraSien ;— the  attraAion  of 
cohefion;  thefridion  againfl:  die  (ides  of  the  veflelss 
the  refiftance  of  the  air  s  the  fize  of  the  vtSd  in 
proportion  to  the  aperture ;  the  (hape  of  the  aper* 
ture  i  the  different  diredions  in  which  the  various 
parts,  or  (as  fhey  are  otherwiie  called)  the  various 
filaments  of  the  fluid  of  the  fame  veflel  run  towards 
the  aperture ;  and  the  vordces  or  irregular  motions 
which  are  communicated  to  the  fluid  by  a  variety  of 
<autcs ;  even  by  an  obftacle  to  the  ftream  at  Ibme 
diflnnce  from  the  aperture. 

A<^ual  experiments  accurately  performed^  and 
oblervations  attentively  made  on  the  motioo  of 
fluids,  have  ftiewn  the  following  fefts,  which  for 
the  fake  of  perfpicuity  we  (hall  arrange  under  three 
heads ;  viz,  firfl,  thofc  which  relate  to  fluids  run* 
ning  through  open  channels  i  fecondiy,  tho(e  which 
relate  to  the  running  of  fluids  out  of  apertures ;  and 
thirdly,  thofc  which  relate  to  the  jet  itfclf  out  of  the 
Uperture. 

I.  When  water  runs  through  a  channel  of  an 
uniform  Hiape,    and  open   at   top,   as  in  fig*  6.    1 
Plate  XII.  the  water  does  not  move  with  the  fame 
2  velocity 


Of  the  Mction  rf  Fluids^  &?r.  171 

f  tfiroughout  the  whole  capacity  or  ^vulch 
Aanncl;  but.  its  trtotion  is  fwifter  through. 
ddlc  of  the  upper  furface,  than  nearer  the 
r  the  bottom,  v^here  its  velocity  is  partly 
d  by  the  fri6Hon,  adhcfion,  &c. 
ai  the  channel  is  aot  of  an  uniform  (hape, 
n  it  is  interrupted  by  obltacles,  the  velocities 
vaster  at  different  tranfverfc  fe6b'ons  are  not 
ly  as  the  areas  of  thofc  fcdliorts ;  but  they 
norc  or  lefs  from  that  ratio,  according  to  the 
f  the  (bream,  and  the  peculiar  configurations 
channel,  and  the  cbftacles  which  force  differ- 
iits  or  filaments  of  the  flream  to  run  wich 
oC  velo.cities,  in  different  direftions,   which 
ttlv  croft  and  check  each  other.     Thus  in  the 
,    fig.  8.  Plate  XII.   the   water  in  pafTing 
^  the  narrow  part  AB,  will  move  with  in-/ 
\  velocity,  and  after  having  paflcd  that  part, 
tnentum  will  ^enable  it  to  move  on  in  the 
it  dineftion  ed-,  but  in  confequence  of  the 
ion  of  water  to  water,  it  will  drag  part  of  the 
at  e  towards  d,  which  occafions  a  deprefiion  of 
Iter  about  e ;  hence  the  water  from  the  ad- 
parts  /,  g^  runs  to  fupply  that  defeft,  and 
curvilinear  or  whirling  niotion  d/ge^  is  pro- 
.— Thefe  whirling  motions  are  called  eddies. 
this  means  the  velocity  of  ihe  ftream,  in  the 
onedy  is  gradually  checked,  and  its  motion 
nmunicated  to  the  contiguous  water  in  the 
part  ZR.— Farther  on,  the  greateft  part  of 

the 
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the  ftream  flrikes  againfl:  the  obftaclerOS,  which 
being  aflanc  to  its  dircdion,  deftroys  part  of  its 
tbrcc.  With  the  other  part  of  chat  force,  (agreea- 
bly to  the  law  of  the  coinpofition  and  refolution  of 
forces)  the  water  runs  in  the  direftion  O  T,  and 
flrikes  againlt  the  bank  at  T,  about  which  place  it 
meets  the  other  part  of  the  ftream,  which  runs  in 
the  direction  ^T,  and  thus  by  croffing,  they  check 
each  otheri  &c. 

The  fame  obfervations  may  be  applied  to  the  in- 
equalities of  the  bottom.    Thus,  for  inftatice,  let 
A  B  C,  fig.  9*  Plate  XIL    reprefent  the  bottom 
of  a  channel  which  is  hollowed  at  DB.    EF  re- 
prefents  the  furface  of  the  water.     Now  the  lower 
part  of  the  ftream,  after  havhig  pafled  along  the 
hollow  from  D  to  B,  will,  agreeably  to  the  laws  of 
motion,  tend  to  continue  its  motion  in  the  laft  di- 
re<5lion,  viz.  in  the  direilion  from  B  towkrds  F  \ 
and  in  h€i  at  F,  the  furface  of  the  water  will  be 
feen  a  litde  elevated  above  the  reft.     In  this  cafe 
two  portions  of  the  fame  body  of  water  run  in  dif- 
ferent direftions,  viz.    one  part  from  B  towards 
F,  and  another  part  from  AE  towards  CF;  hence 
they  muft  parriy  obftrudt  each  other. 

Such  eddies  and  different  directions  may  be 
clearly  obfcrved  in  almoft  any  river  or  natural 
ftream  of  water,  efpecially  when  the  water  contains 
floating  particles,  of  earth  and  other  folids.  By 
pouring  a  fmall  quantity  of  red  wine,  or  of  milk, 
into  a  bafon  full  of  water,   a  clear  view  of  thofe 

eddies. 
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eddies,  &c.  may  be  exhibited  in  an  eafy  and  fami- 
liar way.  And  the  experiment  may  be  varied  by 
pouring  the  milk  either  in  the  direction  of  the  fide, 
or  towards  the  centre  of  the  bafon ;  as  alio  againft 
a  fpoon,  which  may  be  made  to  reprefent  an  obfta- 
cle  either  againft  the  fide  or  at  the  bottom  of  the 
veficl. 

The  various  changes  and  other  phenomena 
which  uke  place  in  rivers,  are  almoft  all  depending 
upon  the>diredtions  and  the  momenta  of  different 
parts  of  the  ftream ;  fo  that  by  a  thorough  examina- 
don  of  the  local  caufes  which  produce  themi  the 
methods  of  ufing  them  advantagfeoufly,  or  of  re- 
medying the  inconveniencics  that  arifc  therefrom, 
may  be  frequendy  difcovercd,— This  is  one  of  the 
eflcntial  advantages  which  mankind  derives  from  the 
knosieledge  of  hydroftatics. 

The  water  which  runs  in  confequence  of  its  gra- 
vity from  a  higher  to  a  lower  part  of  the  furfaCc 
of  die  earth,  in  a  channel  generally  open  at  top,  is 
called  a  river. 

A  river  which  flows  uniformly  and  preferves  the 
lame  height  in  the  fame  place,  is  .  faid  to  he  in  a 
permanent  ftate.  But  fuch  rivers  are  fcldom  if  ever 
to  be  found. 

From  what  has  been  faid  above  it  is  evident  that 
the  water  of  a  river  does  not  flow  with  the  fame  ve- 
lociqf  through  the  whole  width  of  the  river.  The 
line  in  which  the  water  moves  with  the  grcateft  ve- 
locity^ is  called  the  Thread  of  the  ri^er,  and  this 

thread 


thread  feldom  lies  in  the  middie  of  the  riveri  but  it 
generally  comes  nearer  to  one  Cde  than  to  the  other, 
'according  to  the  nature  of  the  impedimeiitSj  aDdof" 
the  conBguratlon  of  the  banks* 

Rivers  owe  their  origin  to  the  natural  fprings,  of 
mountains,  or  other  elevated  parts  of  the  fur&ce  of 
the  earth,  whence  the  water  defcends  through  filch 
openings  as  nature,  and  fometimes  art,  ofiers  to  it. 
The  waters  of  various  fprings,  by  thus  running  to« 
wards  the  fame  valley,  frequently  meet  and  form  one 
ftream>  which,  by  paffing  continually  over  the  fanie 
place,  hollows  the  ground  and  forms  itfelf  a  chanqeU 
which,  according  to  the  nature  and  difpofidon  of  the 
ground,  goes  inco  various  diredionsy  and  aiders  its 
velocity,  but  always  defcending  firom  a  higher  to  a 
fewer  place,  until  atlaft  it  runs  either  into  another 
river  or  into  the  fea,  after  having  fonietimea  pafied 
over  a  trad  or  fome  thoufands  of  miles  ^. 

The 


•  The  proportional  lengths  of  courfc  of  fome  of  the 
moft  noted  rivers  in  the  world  are  (hewn-  nearly  by  the  fol- 
lowing numbers. 

Mr.  Rennell's  paper,  Phil.  Tranf,  vol.  71ft,  p.  90. 

European  Rivers: 

Thames  .^        — .        —  1 

N 

Rhine  .^        _        —  5J 

Danube  -i*        —        — .  y 

,Wiilga  ^        ^     .  -^  9{ 

Afiatie 
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"  The  velocity  of  the  water  of  a  river  ought  to  in- 
creafe  in  proportion  as  it  recedes  from  its  fource ; 
but  the  numerous  caufes  of  retardation,  which  occur 
in  rivers,  are  produftive  of  very  great  irregularis 
ties  ;  and  it  is  impofllble  to  form  any  general  rules 
for  determining  fuch  irregularities. 

The  unequal  quantities  of  water  (arifing  from 
rams, .  from  the  melting  of  fnow,  &c.)  which  are 
conveyed  by  rivers  at  different  feafbns,'  enlarge  or 
contrad  their  widths,  render  them  more  or  kfs 
rapid,  and  change  more  or  ]efs  the  form  of  their 
beds.  But  independent  of  this,  the  fize  and  forjn 
of  a  Yiver  is  liable  to  be  continually  altered  by  the 


Afiatic    Rivers : 

Indus                -«        — 

.« 

si 

Euphrates         -—        -*— 

~ 

H 

Ganges            -^       — 

• 

9i 

Burnuj^>ooter               -^ 

— 

r       9i 

Nou  Kian,  or  Ava  River 

— . 

91 

Jennifea            —        — 

— 

10 

Oby             —            ~ 

— 

10  f 

Amoor         —           — 

— 

II      • 

Lena             —            — 

— - 

"f 

Hoanho  (of  China)      — 

— 

»3l 

KianKcu  (of  ditto)     — 

~ 

iSf 

African  River : 

/ 

Nile           _             -^ 

'«.. 

i%l 

American  Rivers  : 

Miffinpi            —        — 

— . 

8 

Amazons           —        -* 

— 

^Si 

1 

- 

ufual 
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ufual  flowing  of  its  waters,  and  by  local  pcculiariticJ, 
The  water  coiiftantly  corrodes  its  bed  wherever  it 
runs  with  confiderable  velocity,  and  rubs  off  the  fand, 
or  other  not  very  coherent  partsi.  The  corrofion  is 
more  remarkable  in  that  part  of  the  bottom,  which  is 
under  the  thread  of  the  river,  or  where  the  water  dc- 
fcends  fuddenly  from  an  eminence,  as  in  a  cafcade  or 
water-fall.  The  fand  thus  raifcd  is  depofited  in  places 
,  where  the  water  flacks  its  velocity,  and  there  by 
degrees  an  obftacle,  a  bank,  and  even  an  ifland,  is 
formed,  which  in^its  turn  produces  other  changes. 
Thus  a  river  fometimes  forms  itfelf  a  new  bed^  or  it 

■ 

overflows  the  adjacent  grounds. 

In  fome  places  we  find  that  ah  obdacle,  or  a  bent 
on  one  fide  will  occafion  a  corrofion  on  the  oppoGte 
bank,  by  dircfting  the  impetus  of  the  ftream  to- 
wards  that  bank.  Thus,  from  divers  caufes,  whofc 
concurrence  in  different  proportions,  and  at  different 
times,  forms  an  infinite  variety,  the  velocity  of  rivers 
is  never  fteady  or  uniform. 

"  One  of  the  principal  and  mod  frequent  caufes," 
Jays  the  very  able  Profejfor  Venturis  "  of  retardation 
"  in  a  river,  is  alfo  produced  by  the  eddies  which 
«  are  inceffantly  formed  in  the  dilatations  of  the  bed, 
<*  the  cavities  of  the  bottohn,  the  inequalities  of  the 
"  banks,  the  flexures  or  windings  of  its  courfe,  the 
"  currents  which  crofs  each  other,  and  the  ftreams 
«'  which  flrikc  each  other  with  different  velocities.  A 
"  confiderable  part  oftheforceofthe  current  is  thus 

"  employed 
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employed  to  reftore  an  equilibrium  of  motion, 
which  riiat  current  itfelf  does  continually  de- 
range *." 

The  ufe  of  rivers  is  immenfe. — They  fertilize 
le  ground  ;— they  fupply  mankind  and  other  ani- 
tals  with  water,  an  article  abfolutely  necelTary  to 
fe  5— they  fcrve  as  tools  for  a  variety  of  purpofes, 
ich  as  for  giving  motion  to  mills,  pumps,  and  other 
igines;  they  fervc  for  conveying  the  articles  of 
>mmerce,  and  for  facilitating  the  intercourfe  be- 
ireen  inland  countries.  But  I  need  not  enlarge  on 
fubjed,  which  is  too  obvious  to  need  illuftration, 
id  which  in  the  hands  of  many  able  writers,  has 
fcen  been  adduced  as  a  proper  inftance  of  the  infi- 
te  wifdom  of  Providence  f. 
II.  The  running  of  water,  or  other  fluid,  out  of 
veflely  or  refervoir,  through  any  aperture,  is  like* 
ife  influenced  by  fome  of  the  above-mentioned 
lufcs  of  retardation,  as  alfo  by  other  peculiar  cir- 
imftances. 

The  ftream  of  water  which  iflues  out  of  a  hole, 
nds  to  carry  away  in  its  direftion  any  other  fluid, 
r  any  fufficiendy  light  folids,  which  may  happen  to 


*  Exp*  Enquiries  on  the  lateral  communication  of 
lotion  to  Fluids. 

t  For  farther  information  refpeSing  rivers,  fee  s'Gravc- 
nde's  Nat.  Phil.  B.  III.  chap.  x.  Rennell's  Account  of  the 
anges,  &c.  in  the  Phil.  Tranf.  vol.  7I»^  Guilielmini, 
Ua  Natura  de  Fiumi,  &c.    - 
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be  near  it.  This  is  what  Profcffor  Vcnturi  calls 
the  lateral  communication  of  motion  in  fluids.  But  by 
this  lateral  communication  of  motion  to  contigu- 
ous bodies,  the  celerity  of  the  fluid  itfelf  is 
checked  more  or  lefs,  and  its  courfe  is  partly 
diverted  from  the  courfe  which  it  wouldotherwifc 
follow. 

Thus  in  fig.  10.  Plate  XII.  which  reprefents 
the  upper  furface  of  two  veflels  contiguous  to  each 
other,  and  full  of  water,  as  high  as  the  hole  or  aper- 
ture A.— If  by  pouring  more  water  into  the  veflel 
B,,  a  dream  of  water  be  caufcd  to  flow  through  A, 
into  the  veflel  C  j  this  ftream  will  carry  away  the 
water  from  the  parts  e  e,  towards  C.  But  the  dc- 
preflion,  or  deficiency,  of  water  at  e  e,  is  replaced 
by  the  water  from  the  adjacent  parts  d  d,  which  arc 
repleniflied  from  the  next,  and  fo  on.  This  pro- 
duces  eddies  at  ed,  ed.  This  phenomenon  may 
be  rendered  more  apparent  if  a  little  milk  be  at 
times  thrown  into  the  veflel  B,  or  if  light  and 
fmall  bodies  float  oii  the  furface  of  the  water. 

When  a  ftream  <:omes  out  of  a  hole,  as  at  A, 
fig.  II.  Plate  XII.  if  a  thread,  a  feather,  or  other 
light  body  be  placed  very  near  it,  the  tendency  of 
the  ftream  to  carry  it  away  towards  B,  may  be 
clearly  perceived.  — The  following  experiment  will 
fliew  this  property  in  a  manner  ftill  more  con- 


vincing. 


Let  a  veflel  be  made  in  the  form  of  the  lateral 
view  ADB,    fig.  12.    Plate   XII.  viz.    open  ac 

top) 


i 

i 
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top,  and  having  one  flant  fide.  Let  a  cylindrical 
pipe  or  about  half  an  inch  in  diameter,  and  upwards 
if  a  foot  long,  proceeding  from  a  veflel  C,  come 
.ftraight  down  into  the  veflel  AD  B,  and  there  let 
termination  F  S^  be  bent  in  the  direftion  of  the 
Oant  fide  B  D.  This  done,  fill  the  veflel  ADB 
with  water,  then  pour  water  into  the  velTel  C  ;  fo 
that  the  water  running  down  the  pipe  EFS,  mav 
fcrm  the  jet  SK.  It  will  be  found  that  the  water 
of  the  vefTel  ADB,  is  carried  away  by  the  ftream, 
,j»nd  this  velTel  is  thereby  almoil:  entirely  emptied. 

The  fame  communication  of  motion  may  be  per- 
ceived within  a  tube;  as  is  fhc^vn  by  the  following 
experiment  of  Profellbr  Venturi. 

To  an  aperture  on  the  fide  of  the  veflel  A  B, 
fig.  13.  Plate  XII.  a  pipe  CD,  1,6  inches  in 
diameter,  and  little  more  than  5  inches  long,  was 
adapted  in  an  horizontal  dircftion.  At  E,  diftanc 
0,71  inches  from  the  fide  of  the  veflel,  a  bene  glaft 
tube  EFG,  was  joined,  whofe  cavity  was  opened 
into  that  of  the  pipe,  whilft  its  other  extremity  was 
immcrfcd  in  coloured  water,  which  was  contained 
in  a  fmall  veflel  G.  When  by  pouring  water  into 
the  veflel  A  B,  a  ftream  was  made  to  flow  out  at  D, 
the  coloured  water  was  fcen  to  rife  confiderably  in 
[he  lower  leg  of  the  glafs  tube. 

This  experiment  being  repeated,  when  the  de- 

fccnding  leg  FGofthc  glafs  tube  was  only  6,4  inches 

longer  than  the  afcending  leg  E  F.     The  coloured 

Water  of  the  veflel  G,  rofe  through  the  glafs  tube, 

N   3  and 
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and  mixing  with  the  other  water^  flowed  with  it 
out  of  the  pipe  at  D  s  and  in  a  (hort  tinne  the  veflcl 
G  was  emptied. 

This  fort  of  fuftion  or  conrimunication  of  mo- 
tion takes  place,  whether  the  difcharging  pipe  C  D, 
be  directed  horizontally,  or  downwards,  or  up- 
wards*. 

When 


*  In  a  defcending  ftrcam  this  power  of  communicating 
motion  to  the  adjacent  bodies,  is  rendered  more  adive  by,  or 
mflicr  it  may  be  better  explained,  on  account  of,  the  ten- 
^ilency  that  a  defcending  dream  has  to  divide  itfelf  into  fe- 
parate  portions,  and  of  the  preflure  of  the  atmofpherc.  This 
tendency  is  owfng  to  the  acceleration  of  falling  bodies. 
Suppofe,  for  inftance,  that  there  comes  out  x>f  a  hole  at  the 
bottom  of  a  veflel,  an  ounce  of  w^ter  per  fecond  of  time; 
then,  when  the  (irfl  ounce  has  been  falling  during  two  fe- 
conds,  it  mud  have  percurred  a  fpace  equal  to  4  times  16 
feet  nearly;  whereas  the  fecond  ounce  of  water  having  come 
out  one  fecond  later,  has  been  falling  during  one  fecond 
only,  and  of  courfe  it  muft  have  run  through  16  feet  only; 
therefore  the  diftance  of  the  firft  ounce  of  water  firom  tixr 
next  is  equal  to  3  times  16  feet. 

At  the  end  of  three  fcconds,  the  firft  ounce  of  water  muft 
have  pafTcd  along  9  times  16  feet;  whilft  the  fecond  ounce 
of  wattr  has  pafTed  along  4  times  16  feet;  fo  that  the 
diftance  between  the  firft  ounce  of  water  and  the  fecond, 
now  is  5  times  16  feet;  which  one  fecond  before  was  only 
3  times  16.  Therefore  the  two  ounces  of  water,  or  any 
contiguous  parts  of  the  defcending  ftream  (for  the  fame 
re.ifoning  may  be  evidently  applied  to  any  portions,  or  to 

the 
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When  water  runs  out  Qf  an  aperture  on  the  thin 
fide  or  bottom  of  a  vefiel,  as  at  A3  fig.  1 1 .  Plate 
XII.  the  fize  of  the  aperture  being  very  fmall  in 

■  ■  . 

the  fimple  particles,  of  a  fluid,  and  to  any  portions  of  time) 
have  a  conftant  tendency  to  feparatc,  and  they  do  aftually 
fqmrate  into  irregular  tnafles,  when  the  ftream  defcends 
through  a  fufficient  fptace ;  and  at  the  (ame  time  the  air  forces 
in  any  contiguous  bodies  that  are  fufEciently  moveable,  or 
introduces  itfelf  between  the  intcrftices,  and  is  driven  down- 
wards  by  the  fucceeding  parc::ls  of  water. 

This  is  the  reafon  which,  when  a  fluid,  (fuch  as  beer, 
&c.)  is  poured  out  of  one  vefTel  into  another  in  a  long 
ftream,  mixes  a  conflderable  quantity  of  air  with  the  liquor, 
and  produces  the  froth.  Upon  this  principle  tbe  machine 
for  blowii^  die  iireof  a  furnace,  by  means. of  a  fall  of  water, 
is  conftruded,  as  will  be  defcribed  in  the  fequel. 

The  reiiftance  of  the  air,  the  adhefion  of  water  to  water, 
and  the  various  {hape  of  the  ftream,  render  the  feparation  of 
its  parcels  not  very  regular,  and  gdneA-ally  fpread  or  divide 
into  longitudinal  filaments. 

The  rain-water  which  in  fome  places  flows  from  the  tops 
of  houfes  through  (pouts,  and  fails  in  the  flreets,  in  its  fall 
fcparates  into  parcels,  and  ftrikes  the  ground  with  diftin£i 
blows  and  ample  furface. 

**  I  went,"  fays  Profejjor  Venturis  to  the  foot  of  die  cafcades 
"  which  fall  from  the  giaciere  of  la  Roche-Melon,  on  the 
"  naked  rock  at  la  Novalefe,  towards  Mount  Cenis,  and 
*•  found  the  force  of  the  wind  to  be  fuch  rvs  could  fcarcely 
^  be  withftood.  If  the  cafcadc  fallr.  into  a  bafm,  the  air  is 
**  carried  to  the  bottom,  whence  it  rifes  with  violence,  and 
«  difperfes  the  water  all  round  in  the  form  oi*a  mift." 

N  3  proportion 
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proportion  to  the  fide  or  bottom  of  the  vefiel;  the 
ftream  A  B,  is  not  throughout  of  the  fliapc  of  the 
aperture^  nor  is  it  of  an  uniform  fize.  When  the 
aperture  is  circular^  the  diftance  of  the  narroweft 
part  of  the  ftream,  from  the  infide  furface  of  the 
veflel,  is  about  equal  to  the  diameter  of  the  aper« 
ture.  '  This  narroweft  part  of  a  ftream  has  been 
called  the  contraSed  vein  (vena  controBa  by  New- 
ton) from  which  place  forwards  the  ftream  grows 
larger,  and  fometimes  divides  itfelf  into  difierent 
parcels. 

The  diameter  of  the  contrafted  vein  \  that  isi 
of  the  narroweft  part  of  the  ftream,  is  fubjeft  to  a 
little  variation  ;  but  from  a  mean  of  various  mea- 
furements,  it  appears  equal  to  8i  hundredths  of  the 
Naperture ;  fo  that  if  the  diameter  of  the  aperture  be 
one  inch,  the  diameter  of  the  v^na  cmUraSla  will 
be  0,8 1  of  an  inch^. 

This  contraftion  of  the  ftream  is  undoubtedly 
owing  to  the  various  diredions  in  which  the  fluid 
comes  along  the  fides,  and  from  every  part  of  the 
vefiel,  tpwards  the  aperture,  as  is  indicated  by  fig. 
14.  Plate  XII •  and  in  fa6l,  when  the  aperture  is 
"very  large  in  proportion  to  the  fize  of  fhe  veffd, 
the  contraftion  of  the  ftream  is  not  fo  apparent. 
Alfo,  if  the  aperture  be  not  in  a  platfe  fufficiendj 


♦  From  the  meafuremcnts  of  Newton,  Poleni,  Miche^ 
lotti,  Boffut,  and  Vcnturi. 

thin, 
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thin,  the  vena  contraSa  will  not  be  perceived  \  for 
fince  the  diftance  of  that  contraftion  from  the  inner 
furfacc  of  the  vcffcl  is  about  equal  to  the  diameter 
of  the  aperture,  if  the  thicknefs  or  rather  the  length 
of  the  aperture,  exceed  its  diameter,  as  when,  a  pipe 
is  added  to  the  aperture ;  then  the  contraction,  or 
the  tendency  to  form  the  contraftion,  takes  place 
within  that  thicknefs,  or  within  that  length  of 
pipe. 

The  various  filaments  of  the  fluid,  which  run 
from  every  part  of  the  veffcl  in  oblique  direftions 
towards  the  aperture,  partly  cro(s  each  other  at  the 
vena  cmtra8<^  \  and  this  crofling,  or  tendency  to 
cro(i,  is  one  of  the  caufcs  which  enlarge  the  ftream 
beyond  that  place. 

The  velocity,  of  the  water  is  not  the  fame  in 
every  part  of  the  ftream  j  for  fince  the  fame 
quantity  of  water  muft  pafs  through  every  tranf- 
verfe  feftion  of  it  in  a  given  time,  the  velocity 
muft  be  inverfely  as  the  area  of  each  tranfvcrfe 
fe^tion.  Therefore  a;  the  vena  contraSta  the  ve- 
-  loctty  is  greater  than  at  the  aperture.  Now  it  has 
been  found  from  experiments,  that  the  .velocity  of 
the  fluid  at  the  aperture,  fuppofing  this  to  be  cir- 
cular, and  to  be  made  in  a  very  thin  plate,  is  very 
nearly  fuch  as  a  body  would  acquire  by  falling 
perpendicularly  from  an  altitude  equal  to  half  the 
perpendicular  height  of  the  fluid  in  the  veflTcl, 
above  the  centre  of  the  aperture;  and  that  the  ve- 
locity at  the  vena  contraSa  is  fgch  as  a  body  would 

N  4  acquire 
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acquire  by  failing  perpendicularly  from  that  whole 
height  (2.) 

If  to  the  circular  aperture  on  the  fide  of  a  veflfcl, 
there  be  applied  a  cylindrical  pipe  of  the  lame 
diameter^  and  whofe  length  is  equal  to  from  two  to 

(2.)  The  velocity  of  the  fluid  at  the  jrpcrture  may  be 
deduced  from  the  quantity  of  fluid  which  is  found  upon 
trial  to  be  difcharged  in  a  given  time  s  and  this  is  to  be  done 
in  the  following  manner. 

Call  the  area  of  the  aperture  17 ;  let  f  reprefent  the  quan- 
tity of  fluid  which  has  been  difcharged  in  the  time  /,  which 
means  the  number  of  feconds  of  time ;  and  let  x  exprefe  the 
velocity;  that  is,  the  fpace  defcribed  in  one  fecondof  time. 
Then  imagining  that  all  the  fluid  q  is  formed  ifito  a  cylinder, 
whofe  bafe  is  a^  and  height  :^h^  we  (hall  have  qzzahi 

whence  A  =  — ;  fo  that  the  fluid  with  the  firft  velocity 

Xy  would  have  run  through  the  height  of  the  cylinder,  viz« 

through  the  f       -^  in  the  time  t.    Therefore,  /"  :  i"  : : 

a  ' 

—  :  -   ■—  nz  the  fpace  defcribed  in  one  fecond,  or  at,  the 
a        at 

velocity  fought. 

The  proportion  between  the  velocity  at  the  vena  cen* 
ira£lay  and  at  the  aperture,  is  found  by  faying,  as  the  area  of 
the  former  is  to  the  area  of  the  latter,  fo  is  the  velocity  at  the 
aperture  to  the  velocity  at  the  vena  contra£la\  viz.  (fince  thofc 
areas  are  nearly  fimilar,  and  fimilar  areas  are  to  each  other  as 
the  fquares  of  their  homologous  fides,  or  of  their  diameters) 
0,8 il»  :Tl* :  :  0,6561  :  i  ;  :  i  :  1,52,  which,  the  reader 
is  requefted  to  obferve,  is  nearly  the  ratio  of  I  :  /^  2  j  die 
fquare  root  of  2  being  1^414,  &c. 

four 
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four  times  that  diameter,  as  AB,  fig.  15.  PJatc 
XII.  then  a  greater  quantity  of  water  will  be 
di/charged  through  it  than  through  the  fimple  aper- 
ture in  an  equal  portion  of  time,  every  other  cir- 
cumftance  remaining  the  fame ;  the  quantities  of 
fluid  difcharged  in  thofctwo  cafes  being  as  133  to 
100  neUrly^-r-The  pipe  A  B,  or  any  other  prolon- 
gation of  whatever  fhiape  it  may  be,  which  is  adapt- 
ed to  the  aperture  of  a  vefTel,  &c.  has  been  called 
the  adjutage^  probably  from  its  property  of  promot- 
ing the  difcharge  of  fluid. 

It  has  been  alfo  obferved,  that  the  difcharge  in  a 
given  time  is  the  fame,  whether  the  aperture  be 
furniOied  with  the  above-mentioned  cylindric  pipe, 
or  with  the  pipe  reprefenred  in  fig.  16.  Plate  XIL 
which  differs  from  the  former  only  by  its  having, 
dofc  to  the  fide  of  the  veflel,  a  contraclion  nearly 
of  the  fliape  of  the  contrafted  vein. 

If  the  laft  mentioned  pipe  be  cut  off"  at  the  con- 
traftion,  and  the  firft  conical  part  only  be  left  affixed 
to  the  aperture,  as  in  fig,  17.  Plate  XII.  then  the 
difcharge  of  water  is  rather  lefs  than  from  a  fimple 
aperture ;  but  it  is  probable  that  it  would  be  quice 
the  fame,  were  it  poflible  to  make  the  conical  adju- 
tage exaftly  of  the  {hape  of  the  natural  contrafted 
vein ;  excepting  however  the  efFeft  of  friftion. 

If  to  this  conical  part  a  cylindrical  tube  of  the 
diameter  of  the  finall  part  of  the  conical  pipe,  be 
applied,  as  in  fig.  18.  Plate  XII.  the  difcharge 
of  fluid  will  thereby  be  diminiflied, .  and  more  {o 

according 
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according  as  the  length  of  the  cylindrical  part  is  in- 
creafed. 

If  to  the  fmall  conical  part  of  the  adjutage, 
fig.  17.  a  diverging  pipe,  viz.  another  conical 
tube  be  applied,  as  in  fig.  19.  Plate  XII.  the 
difcharge  of  water  will  thereby  be  increafed  within 
a  certain  limit  *.  And  if  between  thofe  two  coni- 
cal parts  a  cylindric  tube  be  interpofed,  as  in 
fig.  20.  then  the  difcharge  is  diminifhed  again  s 
but  not  nearly  fo  much  as  if  the  outer  conical  part 

were  removed  j-. 

A  rc- 


*  Experience  ftiews  that  the  divergency  of  this  termina- 
tion mud  not  be  increafed  beyond  a  certain  degree ,  for  in 
that  cafe  it  will  prove  rather  difadvantageous  than  ufeful.  It 
appears  that  when  the  divergency  is  greater  than  an  angle 
of  16  degrees,  the  cfFedl  ceafes  entirely;  and  that  the  greateft 
effcQ.  takes  place;  that  is,  the  greateft  quantity  of  fluid  is 
difchargcd,  when  the  divergency  is  equal  to  an  angle  of  about 
three  degrees. 

f  The  cCicQis  produced  by  the  above-mentioned  ad- 
jutages, and  tlic  exaft  quantity  of  water  which  is  dif- 
charged  through  certain  apertures,  may  be  derived  from 
the  refults  of  Profeflbr  Vcnturi's  Experiments,  which  are 
ct)ncilely  fubjoined.— The  mcafurcs  are  Englifh,  except  the 
contrary  be  exprclfed. 

The  fame  qtwintlty  of  water  (viz.  4  French  cubic  feet, 
equal  to  4)845  En^lifli  cubic  feet)  flowed  out  of  the  fame 
velTcl,  or  rclervoir,  which  was  kept  conftantly  full,  through 
the  following  adjutages,  in  the  annexed  times,  which  are  ex- 
preflcd  in  feconds.     The  aUitude  gf  the  water  in  the  vefiel 

above 
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A  remarkable  advantage  is  derived  from  the 
knowledge  of  this  fad,  which  is,  that  when  water  is 
conveyed  through  a  ftraight  cylindrical  pipe  of 
whatever  lengdi  it  may  be,  the  difcharge  of  water 
may  be  increafcd  by  only  altering  the  (hape  of  the 
terminations  of  that  pipe,  viz.  by  making  the  end  of 

the 


above  the  level  of  the  centre  of  the  outer  aperture  of  the  ad- 
jutage was  always  equal  to  32,5  French  inches,  or  345642 
£ngli(h  inches^ 

Through  a  Ample  circular  aperture.  In  a  thin 
plate^  the  diameter  of  the  aperture  being 
equal  to  1,6  inches,    in  —  —    41' 

Through  a  cylindrical  tiibe  of  the  fame  diameter 
as  above,  and  4,8  inches  long.   Fig.  15.  in      31 

Through  the  tube,  fig.  16.  which  differs  from 
the  preceding,  by  having  the  contradlion  in 
the  ibape  of  the  natural  contra6led  vein,  in     31 

Through  the  fhort  conical  adjutage,  iig.  17. 
which  is  only  the  fird  conical  pare  of  the  pre- 
ceding, in  —  —  —    42 

Through  the  pipe,  fig.  18.  which  confifts  of  a 
cylindrical  tube,  adapted  to  the  fmall  conical 
end  of  fig.  17.  and  of  that  diameter,  AD 
being  3,2  inches  long,  in  —  —  4^%S* 

Through  the  like  adjutage,  but  longer,  AD 
being  12,8  inches,  in  —  — •    45". 

Through  the  like,  flill  longer,  A  D  being  25,6 
inches^  in  —  _  —  48", 

Through  the  adjutage,^^  fig.  22.  which  confifts 
of  the  fimple  tube  of  fig.  15.  placed  over  the 
conical  part  of  figi  17.  in  —  — -  32",5. 

Through 


."  ^ 
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the  pipe,  which  is  clofe  to  the  refervoir,  or  the  en- 
trance to  it,  of  the  (hape  of  the  contra6ted  vein^ 
(as  at  A,  fig.  21.)  the  dimenfions  of  which  have 
been  ftated  in  p.  1825  and  by  making  the  other 
extremity  BC  of  the  pipe,  in  the  (hape  of  a  trun- 
cated cone,  whofe  length  BC  may  be  equal  to  nine 
times  the  diameter  of  the  cavity  at  B  \  and  whofe 
aperture  at  C  may  be  larger  tlian  the  diameter  at  B, 
in  the  ratio  of  1 8  to  i  o. — By  this  means  the  quan* 
tity  of  water  which  is  dlfchargcd  in  a  given  time, 
will  be  more  than  doubled  i  vi^.  the  quantity  of 
water  difcharged  by  the  fimple  cylindric  pipe,  is  to 
the  quantity  of  water  which  is  diicharged  by  the 
fame  pipe  with  the  above-mentioned  conical  termi- 
nations,  as  10  is  to  24  nearly* 

The  effeft  of  the  above-mentioned  adjutages. is 
the  fame,  whether  they  be  adapted  to  the  fic^e  or  to 
the .  bottom  of  the  vcflcl,  or  in  any  other  di- 
reftion,  provided  every  other  circumftance  be  the 
fame ;    fuch    as   the   capacity   and   form  of  the 


Through  the  double  cone,  fig.  19.  the  dimen- 
lions  of  which  are,  A  B  =:  E  F  z:  1,6  inches, 
AC  =  0,977  inches,  CD  =  1,376  inches, 
and  the  length  of. the  outer  cone  =4,351    ' 
inches,  in  —  —  27 ',5. 

Through  the  adjutage,  fig.  20.  confifting  of  a 
cylindrical  tube  3,2  inches  long,  and  1,376 
inches  in  diameter,  intcrpofed  between  the 
two  conical  parts  of  the  preceding,  in      —       28'',5« 

refervoir, 
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rcfcrvoir,  the  altitude  of  the  water  above  the  level 
of  the  centre  of  the  outer  opening  of  the  adju- 
tage, &c. 

.  All  flexures,  and  all  forts  of  internal  contraftions, 
elongations,  enlargements,  and  projeftions,  of  the 
conducting  pipe,  diminifh  the  quantity  of  difcharge 
more  or  lefs,  according  to  the  number  and  form  of 
fuch  irregularities,  (harp  angular  bendings  hin- 
dering the  motion  of  the  fluid,  more  than  thofe 
of  a  regular  curvature.  The  caufe  of  this  retarda- 
tion is  undoubtedly  owing  to  the  eddies,  and  tb  the 
CFoflTings  of  the  various  filaments  of  the  fluid,  which, 
according  to  what  has  been  faid  above,  mufl:  ne- 
ceflTarily  take  place  at  thofe  irregularities.  This  may 
be  rendered  flifficiently  evident,  if  an  irregular  glaft 
pipe  be  applied  to  a  pretty  large  veflel  full  of  water, 
and  with  the  water  there  be  mixed  fome  particles  of 
pounded  amber,  or  other  fubftance,  whole  fpecific 
gravity  diflFers  but  little  from  that  of  water.— All  ed- 
dies and  crofs  direftions  muft  unavoidably  deftroy 
part  of  the  moving  force. 

Whenever  an  irregularity  of  the  (hape  of  the 
aperture,  or  fome  particular  conformation  of  the 
vcffel,  compel  the  particles  of  the  fluid  to  run  ob- 
liquely towards  an  aperture,  a  circular  motion  is 
foon  communicated  to  the  fluid,  and  an  hollow 
vhirl  is  formed  above  the  aperture.  By  the  circu- 
lar motion  the  particles  of  the  fluid  acquire  a  cen- 
trifugal force,  in  confequencc  of  whicli  they  tend  to 
recede  from  the  centre  or  from  the  axis  of  motion, 

•  where 
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'where  of  courfe  a  hollow  is  formed>  which  is  larger 
or  fmaller,  according  as  the  rotation  of  the  fluid  is 
more  or  lefs  rapid.  When  this  whirling  motion  is 
pretty  confiderable,  if  any  light  bodies  float  upon  it> 
thofe  bodies  will  be  readily  drawn  downwards  to^ 
wards  the  aperture  j  for,  fince  the  fpccific  gravity 
of  the  fluid  is  greater  than  that  of  the  bodies^  the 
fluid  will  acquire  a  greater  degree  of  centrifugal 
force,  and  will  recede  farther  than  thofe  bodies; 
from  the  axis  of  the  whirL  See  chap.  IX.  of 
Part  I. 

IIL  The  laws  of  projcftilesi  which  have  been 
explained  at  the  end  of  the  firft  part  of  thefc  ele- 
ments,, are  applicable  to  fluids  as  well  as  to  (blidsj 
excepting  fome.  peculiarities  which  arc  eafily  fug- 
geftcd  by  the  nature  of  fluids.  Therefore  the  prin- 
cipal phenomena  relative  to  the  dirfiftion,  and  the 
length  of  a  fl:ream  of  fluid  which  iflfues  out  of  all 
aperture,  may  be  determined  by  the  laws  of  pro- 
jediles. 

When  fluids,  like  folids,  are  proje(5led  in  an  ob- 
lique cjircftion,  they  defcribe  parabolic  paths  5  for 
they  are  at  the  fame  time  adled  upon  by  the  pro- 
jedile  force,  and  by  the  force  of  gravity,  except- 
ing the  deviation  from  that  parabolic  curve  which 
is  occafioned  by  the  refiftance  of  the  air.  But  when 
they  are  projefted  perpendicularly  upwards  or 
downwards,  tb.en  they  move  in  ftraight  lines  ;  and 
yet  thofe  (Iraight  lines  might  be  confidered  as  para- 
bolas grown  infinitely  nai  row. 

When 
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When  a  fluid  comes  out  of  a  hole  in  the  thin -fide 
of  a' veflcl,  the  velocity  of  proje<5Uon  mull  be 
reckoned  equal  to  that  of  the  vena  contra5la  which 
is  very  near  the  aperture,  and  not  to  that  of  the  fluid 
at  the  aperture  itfelf.  Therefore  this  velocity  of 
projeftion  is  as  the  fquare  root  of  the  perpendicular 
altitude  of  the^-atcr  above  the  centre  of  the  orifice, 

» 

(fee  p.  183);  whereas  the  velocity  of  the  aper- 
ture itfelf  is  as  the  fquare  root  of  half  that  altitude: 
and  this  feems  to  be  fufliciently  warranted  by  the  re- 
fult  of  experiments. 

But  when  a  pipe  is  adapted  to  the  aperture,  then 
the  velocity  of  projeftion  is  not  fo  great  i  for  in 
this  cafe  there  is  no  contraftion  of  the  ftream. 

Independent  of  this  circumftance,  the  velocity  of 
projeAion,  and  the  diftan^e  to  which  the  jet  can 
reach,  arc  influenced  by  other  circumftances ;  viz. 
!•  By  the  friction  againfl:  the  fides  of  the  pipe  or 
aperture.  2.  By  the  refiftance  of  the  air,  in  con- 
fcquence  of  which  the  jet  is  obftrufted  throughout, 
and  is  divided  at  fome  unafcerrainable  diflance 
from  the  aperture;  3.  By  the  weight  of  the  fluid 
itfelf  i  for  when  the  higheft  particles  of  a  perpendi- 
cular jet  ceafc  to  have  motion,  as  alfo  in  their  defcent, 
they  prefs  upon  the  ^fcending  column. 

From  the  fridion  againft  the  fides  of  the  pipe, 
and  even  of  the  edge  of  the  aperture  in  a  thin 
plate,  various  parts  of  the  fame  jet  acquire  different 
Velocities,  but  in  virtue  of  the  attraction  of  water 
to  water,  and  of  the  lateral  communication  of  mo- 
tion 


tgt  Of  the  Motion  of  Fluids,  (^c* 

tion  which  arifcs  therefrom,  the  whole  jet  prefcndy 
acquires,  and,  for  a  certain  length  at  leaft,  pro- 
ceeds with  the  fame  velocity  in  every  part  of  a 
tranfverfe  fedion.  But  this  velocity  is  a  mean  of 
the  different  velocities  with  which'  the  various 
parts  of  the  jet  come  out  of  the  aperture ;  for  whilft 
the  filaments  of  greater  celerity  a(C?l  the  motion  of 
thofc  which  have  a  leffcr  celerity,  the  latter  tend  to 

.  rietard  the  former :  therefore  it  ihould  Icem  that 
with  fL  larger  aperture,  every  thing  elfc  remaining 
the  fame,  the  velocity  of  projeftion  muft  be  greater 
than  with  a  fmaller  aperture ;  and  this  is  true  to  a 
certain  degree.  But  then  another  circunnftance  in- 
terferes, which  is  the  refiftance  of  the  air  j  for  a 
larger  jet,  by  prefenting  an  ampler  furfacc  to  the 
air,  is  liable  to  be  divided  by  it,  and  by  thisdiviikxi 
the  furface  is  increafed  confiderably,  which  renders 
the  refiftance  of  the  air  much  greater  ;  that  refift- 
ance being,  deteris  paribus y  proportionate  to  the 
furfacc. 

Now  all  thofe  circumfta^nces,  namely,  the  friction 
againft  the  fides  of  the  aperture ;  the  divifion  of  the 

'  ftream,  wliich  increafcs  not  only  according  to  the 
fizc  of  the  jet,  but  likewifc  according  to  its  initial 
velocity;  an:l  the  refiftance  of  the  air,  are  fo  very 
fluftuating,  that  it  is  impoflible  to  fubjctft  them  to 
calculation. 

Experience  only  can  \nform  lis  of   the  cfFcfts 

which  may  be  cxpeftcd  in  certain  circumftanccs: 

yet  as  the  experiments  can  hardly  ever  be  repeated 

9  under 


Qfthi  AfoiioH  c/Fbiids,  (ic.  193 

utider  the  fame  circumftances  precifcly,  the  ]aws 
which  are  deduced  fiom  their  general  refulu^  muft 
always  be  admitted  with  fome  latitude. 

If  2  veflel  or  refervoir  of  water  be  Conftru^ed 
(bmewhat  like  the  reprefentation  of  fig.  22.  PI.  XIL 
and  at  hole  be  made  in  the  thin  fide  at  A,  the  water 
which  iflWes  out  of  it  will  afcend  in  a  perpendicular 
jet>  enlai^ng  and  dividing  itfclf  towards  the  top ; 
but  it  will  not  rife  fo  high  as  the  level  of  the  furface 
B  of  the  water  in  the  vcflfcl ;  dnd  it  will  rife  ftill 
lc{%.  highy  if  a  pipe  be  adapted  to  the  aperture,  as 
in  Bg.  23^  6r  if  a  bent  pipe  proceed  (torn  a  veilcl,  as 
in  fig.  04.  Iihich  is  owing  to  the  above-mentioned 
caufes  of  ofaftru&ion ;  and  in  fad  by  removing  thofe 
caufesy  at  leaft  in  part,  the  height  of  the  jet  may  be 
increaled  $  oblerving  however  that  it  can  never  be 
made  to  equal  the  Height  of  the  water  in  the  re* 
fervoir* 

Thus,  if  the  fpout  or  apertutr  be  inclined  a 
little,  viz.  fo  as  not  to  make  the  jet  quite  perpendi- 
cular, the  water  will  alcend  higher,  becaufe  in  this 
cafe  the  defcending  water  wilt  not  prefs  upon  the 
afcendiog  colunm. — If  a  pipe  proceed  from  the 
vcflel>  as  in  fig.  24.  then  the  pipe  Ibould  be  made 
large  in  proportion  to  the  aperture,  becaufe  in  that 
cafe  the  water  will  move  very  (lowly  through  the 
pipe,  in  proportion  to  what  it  does  out  of  the  aper* 
ture,  and  of  courfe  the  frtition  will  be  much  lefs 
Aan  if  the  pipe  and  the  aperture  were  both  of  the 
&me  diameter.     It  is  alfo  for  the  fame.reafon  that 
^hr  jet  will  afcejEKl  higher  when  the  conduit  pipe  is 
VOL.  II.  o  ihorc 
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dhorc  than  when  it  is  long ;  and  chat  the  tonntiotf 
figure  of  the  pipes,  from  whkrh  thev&ter  fpouts^ 
which  is  that  of  a  truncated  cone  of '  confiderablt 
length/ will  not  let  the  jet  afcend  fo  high,  nor  be  io 
tinlform  and  tranfparent,  as  if  a  large  tube  were  co- 
lyiered  with  a  flat  plate^  and  a  fnniooth  hole  ibr  tfee 
^xiit  of  the  water  were  made  in  die  middle  of  that 
phte.  .  • 

\  By  enlarging  the  apertnre,  the  friftioa-agabC 
Ithe  lides  is  diminiflied  ;  but  the  friftion  or  oppofi- 
€ioQ  of  the  air'is<^tn6reafed»  Therefore  as  long  is, 
die  form^  is  dkiiinilhed  fa((er  than  the  latter  is  in* 
Screaied,  the  jet  may  be  made  to  afctnd  higher  and 
tiigher  by  enlarging  the  aperture ;  but  beyond  that 
limit  the  enlargement  of  the  aperture  will  not  in- 
creafe  the  height  of  the  jet.  Now  it  has  been  found 
firom  a  variety  of  experiments,  that  this  limiti  or 
maximum  of  cffeft,  takes  place  when  the  diameter 
of  the  circular  aperture  is  fomewhat  lefs  than  an 
inch  and  a  quarter ;  fo  that,  c^eteris  pariius,  tte 
height  of  the  jet  will  be  lefs,  when  the  aperture  is 
cither  larger  or  narrower. 

With  a  higher  refrrvoir  full  of  water,  the  pcrpciK 
dicular,  or  the  nearly  perpendicular,  height  of  the 
jet  is  greater  than  with  ^  lower  refervoir ;  but  thii 
alfo  has  a  limit ;  and  it  appears  from  a  variety  of 
experiments,  that  a  jet  cannot  rife  higher  than 
about  loo  feet,  be  the  height  of  the  water  in  the 
refervoir  ever  fo  great.  For  the  higher  the  water 
is  in  the  refervoir,  the  greater  is  the  velocity  at  the 

.jiperturci 
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lipertint;  and  when  that  velocity  has  attained  a 
certain  degree,  the  great  refiftanee  of  the  air  :breaks 
the  ftiram  into  fmall  drops^  which  prefent  a  vafl: 
furface  to  the  air,  and  are  of  courfe  foon  checked  in 
^ir  motion  *• 

If  a  fcmicircle,  as  A  D  M  B,  fig.  25.  Plate  'XII. 
be  drawn  upon  the  perpendicular  fide  A  B  (as  a 
diameter)  of  a  vcflfcl  A  K  1  B,  which  is  kept  cbn- 
ftantly  full  of  water ;  and  if  a  hole  be  made  in 
the  thin  Jidc  of  the  vcflel,  as  at  C;  alfo.a  Jine, 
CD  bexlrawn  parallel  to  the  horizon  from  tlie  hole 
to  the  femicircle;  then  the  fluid  which  iflucs  frbm 
the  Jiolc.  Q  will  form  a  jet  in  the  parabolic  curve 
.C£^  and  will  {all  upon  the  horizontal  line  6  F,  at  a 


•  A  Table  of  the  Heights  to  which  jets  of  little  more  than 
an  inch  in  diameter  have  been  found  to  rife  in  a  direflion 

^  nearly  perpendicular,  when  the  altitudes  of  the  water  in 
die  refervoirs  are  from  five  to  100  feet. 
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diftince  BE  from  the  Tcfleli  which  b  equal  t 
twice  the  length  of  the  line  CD.— The  diftance  Bl 
is  called,  as  in  folid  projc£biles^  the  amplitiiA  c 
d:e  jet. 

This  however  rouft  be  underftood  for  relervoir 
or  reflfek  of  fmall  heights,  where  the  effect  of  the  re 
6ftance  of  the  air  is  inconOderabk  i  ocherwife  tfat 
deviation  from  the  above- mencioned  law  is  great  iim 
uncertain  (3.) 

Tt  evtdendy  follows,  that  when  the  hole  is  niad< 
at  H,  viz.  in  the  middle  of  the  altitude,  then  tbi 
amplitude  B  F,  or  the  diftance  from  the  bottom  E 


1 


(3.)   In  Prop.  I.  of  the  note   to  the   laft  Chapter  ol 
P^ot  L  it  has  been  demonilrated,  that  the  velocity  of  a  pro 
je<5tile  in  any  point  of  the  parabolic  path,  is  the  fame  as 
would  be  acquired  by  foiling   perpendicularly  along  0 
quarter  of  the  parameter  belonging  to  that  point  as  a  v 
tcx.  It  ha&  al(b  been  fliown,  that  the  fluid  which  coihes 
of  the  hole  C,  defcribes  the  parabola  C  £,  and  that  its  v 
city  at  the  vena  contraSfa^  which  is  very  near  the  apcr 
i<i  the  fame  as  it  would  acquire  by  falling  perpendicularly 
A  to  C ;  therefore  A  C  is  the  fourth  part  of  the  para 
ilrhich  belongs  to  the  vertex  C  of  the  parabola  C  E. 
one  of  the  properties  of  the  parabola  is,  that  the  fqtiar 
ordinate  is  equal  to  the  produdt  of  tire  correfponding 
multiplied  by  the  parameter;  therefore'5iri*=r4  AC 
hence  BE  =  aVACxCB  ;  and  J  B E  =  ^/K^ 
)iut  by  the  property  of  the  circle  (Eucl.  p.  35,    B^ 

^''-^^"CVc^]B  =  C  D.  Therefore  f  B  E  =:  CI 
rcaibning  is  evidently  applicable  to  any  point  i 
AB. 
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of  the  veffcl,  where  the^jet  will  ftrike  the  horizontal 
plane^  is  the  greateft  poflible.  Alio  that  when  a 
hole  is  made  at  an  equal  diftance  from  the  bafc>  as 
at  L^  that  another  hole  is  from  the  top  of  the  refer- 
voir^  as  at  C  s  the  amplitudes  will  be  equals  viz.  the 
jets  will  ilrike  the  horizontal  plane  in  the  fame  point' 
£  I  becau/e  in  that  cafe  the  line  C  D  is  equal  to  the 
line  LM. 

When  the  initial  direftion  of  the  jet  is  neither 
perpendicular  nor  parallely  but  oblique,  to  the  ho- 
rizon,  then  its  parabolic  path  differs  in  aliitudej&c^ 
according  to  the  angle  of  inclination.  But  the  va- 
rious particulars  which  belong  to  it  may  be  deter- 
mined from  the  theory  of  prbjedbiles,  which  has 
been  delivered  in  the  lad  chapter  of  the  firft  part 
of  thefe  elements  i  obferving  however  that  thofe 
tbeoredcal  refulcs  are  nearly  true  for  (hort  diftances 
only  I  bur  that  when  the  diftances,  fize  of  the  jet^ 
hcc.  are  more  confiderable,  then  nothing  but  aftual 
experiments  can  determine  the  refult^. 

*  For  fardier  particulars  relative  to  the  fubjed  of  this 
chsqtcer,  fee  s*Gravclande's  Nat.  Phil. ;  Boflut's  Hydro- 
Ijm'.S  De  Prony's  ArchiteS.  Hydrauiique;  Vciituri  on 
lie  lateral  communication  of  motion  in  fluids,  Vince*s 
lydroftatics,  &c.  as  alfo  moft  of  the  other  works  which 
e  menciancd  in  the  note,  p.  1 1 3.  at  the  end  ^f  chap.  IV • 


CHAPTEJl     VIII. 

OP      PNEUMATICS,      OR      PERMANEKTLY      ELASTIC 

« 

FLUIDS  i     OF    THE    ATMOSPHERICAL    AIR  J     AND 
OF    THE   BAROMETER. 

THE  whole  globe  of  the  earth  is  furrounded 
by,  or  is  involved  in,  a  fluid,  called  air^ 
which  though  not  perceived  by  our  eyes,  is,  how- 
ever, manifcfted  in  various  ways.  This  fluid  fills 
up  the  fpaee  from  the  furface  of  the  earth  to  the 
height  of  feveral  miles  above  it,  and  the  whole  raalk 
of  it  is  called  the  atmofphere. 

As  Qfhes  are. furrounded  by  Water,  and  live  aadt 
move  in  water,  fo  are  we  human  beings,  and  all 
other  animals,  furrounded  by  air,  and  live  and  move 
in  air. 

A  filh  which  is  taken  out  of  the  w^ter,  will  die 
in  a  fhort  time,  and  a  human  being,  or  any  animal, 
taken  out  of  the  aerial  fluids  will  in  general  die 
much  fooner. 

Water  gravitates  towards  the  centre  of  the  earth, 
and  fb  does  the  air*.  Hence,  as  a  fifh  or  qther  body 
in  water  is  prcffed  on  every  fide  by  that  fluid,  fo  arc 
other  animals,  &c.  prelfcd  on  every  fide  by  the  fur- 


♦   The  preffure  of  the  air  was  firft  aflcrted  by  the  Great 
Galileus,  ^nd  was  fopn  after  illuftra^cd  by  his  icholar  Tor* 

liccllius. 

>  * '     rcunding 


\ 


'; 


fooodiag  air,  and  thisr  preffore  (as  wilt  bef-fh«wii  ill 
the  fcquel)  is  very  confiderabk.  "  ■  -*'  - 
-  As  the  progrcffive"  morion  of  water  from  one 
pbce  cowards  another,  b  called  a  Mrr^^ of  water; 
6}  the  progrefTive  motfosi  of  the  atroofpherical  ^  i» 
called  in  general  wind,  which  according*  to  the  dif-< 
ferent  velociries  of  that  fluid  is  more  particularly 
ipecified  by  the  appellations  of  breeze,  gentle  windi 
gaiej  &?r. 

But  the  particulars  in  which  air  principally  differs 
from  water,  are  ift,  that  air  weighs  a  vaft  deal  left 
than  water ;  and  2dly,  that  water  is  not  comprefit* 
ble,.  whereas  a  quantity  of  ait  may  be  forced  into  a 
fmaller  ipace,  by  means  of  prefTure,  or  it  may  be 
expanded  by  removing  the  preiTure ;  and  that  ex* 
paniibility,  as  far  as  we  know,  may  be  attended  to 
uiy  degree ;  nor  is  it  diminiihed  by  loQg  continued 
preflUre*  ' 

Air  is  abfolucely  neceflfary  to  animal  life,  as  alfo 
to  combuftion,  to  vegetarion,  and  to  other  natural 
proceffcs.  In  all  thofc  proceflcs  the  air  either  com-, 
nunicates  fomething  to  the  fubftances  concerned, 
9r  it  receives  fomething  from  them.  But  this  pro<^ 
>crty  of  receiving  or  giving  is  limited;  for  inftance, 
I  certain  quantity  of  air  is  neceffary  for  the  Ufe  of 
n  animal  during  a  given  time ;  now  when  the  anim^ 
las  lived  in  it  that  length  of  time,  the  fame  quanrity 
jf  air  will  be  unfit  for  the  fupport  of  the  fife  of  that 
\t  of  any  od>ei:  animaL    And  the  fame  thii>g  muft 

04  be 
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be  underftood.with  refpeft  to  combuftion  and  fe« 
vend  othci"  procefles. 

Thofe  latter  properties  of  the  air  are  called  its 
chmieal  frdf^iUsy  which  will  be  explained  when  we 
eoone  to  treat  of  chemiftry  >  whereas  iu  other  pro^ 
perties»  fuch  as  iu  gravity^  comprei&bility,  &c.  are 
called  its  mecbmical frapirties^  and  tbefe  will  be  ex- 
amined in  the  prefent  chapter. 

I  (hall  juft  mention  for  the  prelenti  that  befides 
the  atmofphcrical  air,  which  furrounds  the  earth, 
there  are  other  permanently  elaftic  fluids,  the  che- 
mical properties  of  which  are  oflentially  difierent 
from  thofe  of  air ;  though  their  mechanical  proper- 
ties are  fimilar  to  thoic  of  that  atmofpherical  fluid ; 
on  which  account  they  are  all  comprehended  under 
the  general  appellation  Qi aerial  fluids ^  or  oi  perma* 
ventfy  elaftic  fluids  i  vfhich  expreflion  means,  thar,  as 
far  as  wc  know,  they  arc  not  convertible  into  a  vifi- 
blc  fluid  by  means  either  of  prelTure  or  of  cold  -,  and 
thence  they  are  diftinguilhed  from  vapours,  as  from 
the  vapour  or  fleam  of  water,  which  is  likewilc  an 
claftic  fluid,  but  not  permanently  fo ;  for  cither  by 
cooling,  or  by  means  of  prefTure,  that  vapour  is  com 
verted  into  water. 

The  principal  mechanical  properties  of  air  are  its 
weight  and  elafticity  i  but  let  us  begin  by  maniieft* 
ing  its  exiftence. 

When  a  pprfon  blows  upon  a  thread,  or  dull,  or 
pdter  light  bodies  tl^at  are  placed  at  a  fliort  diftaoce 

from 
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from  hk  mouthy  the  Ughc  bodies  arc  driTen  away, 
from  their  places.  Now  it  is  the  current  of  air». 
that  being  expelled  from  the  lungs  through  the 
n^outhi  drives  the  light  bodies  in  its  wa/. 

Take  a  glafs  vefleU   fuch  as  a  common  wine 
^{s,  turn  it  upfide  down^  and  holding  it  in  that 
perpendicular  pofition,  immerfe  it  in  water>  as  at  A/ 
%.  I.  Plane  XIII.  it  will  be  found  that  the  water 
does  not  enter  the  glafs.---That  fubftance  which 
thus  prevents  the  entrance  of  the  water  into  the  ca« 
.  yicy  of  the  g)a(s,  is  a  quantity  of  air.    If  you  incline 
the  glafs  a  lictie^  a  bubble,  viz.  a  certain  quantity 
of  air  goes  out,  and  an  equal  bulk  of  water  takes  its 
.  place.    If  the  glafs  be  inclined  ftill  more,  all  the  ur. 
will  efcape  from  itj  and  the  glafs  will  be  endrely 
fUle4  with  water. — The  various  parts  of  khis  expe- 
riment may  be  explained  in  a  more  particular  man-» 
Qcr ;  thuSf  when  the  glafs  is  in  the  lituadon  A,  the 
air  in  it,  being  the  lighter  fluid|  is  confined  by  the 
water  which  occupies  the  apenure  of  the  glafs ;  but 
the  air  being  comprefSble,  the  prelTure  of  the  fu- 
perincumbent  water  AB,  (p.  31.)  forces  the  aic 
into  a  narrower  fpace;  hence  the  water  will  be 
feen  to  afcend  a  little  way  within  the  glafs  ac  B,  and 
die  lower  you  immerfe  the  glafs,  the  higher  will 
the  water  afcend  wirhin  it.     When,  the  glafs  is  in- 
clined, as  at  D,  the  fiirface  of  the  water  in  it,  which 
remains  always  horizontal,  is  de^  (p.  28.)  and  the 
air  occupies  the  fpace  c,  the  lower  jjart  of  which  is 
even  with  the  edge  J  of  the  glafs.     If  the  glais  be 

indincxi 
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ihcKned  a  tittle  more,  part  of- the  air  is  forced  oof,'' 
as  is  fhoWn  at  M. 

The  quantity  of  air  which  thus  cfcapcs  from  the 
cavity  of  theglaft,  being  preffed  on  every  lidc  by- 
the* water,  is  forced  to  affume  a  globular  form,  in 
^hich  ibape  it  is  calle.d  a  bubble^  which  being  lighter 
than  an  equal  bulk  of  water,  afccnds  to  the.  furface 
of  the  latter,  where  it  mixes  with  the  common  mafs 
of  attno^Acrical  air. 

But  frequently,  when  the  bubble  is  fmall,  it  re- 
mans'foe  ascertain  time  on  the  furface  of  the  watier, 
cnclofed  in  %  film  or  (hell  of  water ;  which  is  owing 
to  the  vifcidity  of  the  water,  of  to  the  attradion  mu- 
tual between  the  particles  of  water.  In  fa6l,  what* 
ever  increafes  that  vifcidity,  fuch  as  a  Iblution  of 
foap^  which  is  frequcndy  praftifed  by  children,  or 
of  any  other  glutinous  matter,  will  increafc  thedu* 
rability  of  the  bubbles,  and  in  that  cafe,  by  blowing 
into  the  folution,  the  bubbles  may  be  made  very 
large  *. 

Hence  it  appears  that  a  bubble  of  air  is  not,  ac- 
cording to  the  vulgar  idea,  an  empty  Ipace,  a  mere 
nothing;   but  that  it  confifts   of  a  fluid,  which, 


*  DIftillers  and  other  perfons  thgt  have  Qccaflon  to  try 
fpcclmcns  of  fpirituoui;  liquors,  can  form  a  tolerably  accurate 
id-a  of  the  ftrcngth  of  ihofe  liquors,  by  lli.ucing  the  bottlC| 
and  then  obfervin^  Low  foon  the  bubblt-s  break  on  the  fur- 
face  cf  the  Jiquor ;  for  the  diinncf  2nd  purer  the  fpirit  is,  the 
l«oner  will  the  bubbles  break.  .  ' 

though 
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diQpgh  invifible,  has  however  weight  tfid  other 
qualities;  and  is,  in  (hoit,  a  fubftance  as  much 
gs  any  other  fubftance  which  we  feel  or  taftc  *. 

When  by  inclining  the  above-mentioned  glafsfuffi^ 
ciendy  in  water,  all  the  air  is  fufiered  to  efcape  from 
k ;  then  if  this  glafs  be  again  turned  withttts  aper-« 
ture  downwards,  and  in  that  poHtion  be  drawn  up- 
wards, until  its  aperture  remains  a  litde  below  the 


*  The  invifibillty  of  air  is  what  fuggefts  die  vulgar  idea 
of  its  being  nothing.  But  it  mud  be  confidered,  that  tran- 
iparcnt  bodies,  viz.  fuch  as  let  the  rays  of  light  pafs  freely 
through  diem,  cannot  be  feen.  Thus  water,  glafs,  air,  &c. 
cannot  be  perceived  by  an  eye  which  is  entirely  furrounded 
.  by  atiy  one  of  them.  And  eveif  when  that  is  not  the  cafe, 
we  can  <kily  perceive  thofe  fubftances  by  the  heterogeneous 
bodies  which  thdy  may  happen  to  contaiii,or  by  the  infle£Uon, 
pefradion,  &c.  of  the  rays  of  light  at  their  furfaces  j  hence^ 
whpQ.  fuch  bodies  are  pure,  and  their  furfaces  are  removed 
from  our  fight,  fo  that  we  cannot  obferve  the  bending  of  the 
rays  of  light  at  thofe  furfaces,  then  it  is  impoflible  to 
difcern  the  bodies  themfelves.— If  a  glafs  botde  entirely  filled 
with  jpure  water,  be  fituated  againft  a  darl^  place,  fo  that  no 
pbjeds  may  be  feen  through  it.  a  perfon  who  looks  dire£t]y 
at  it  will  not  be  able  to  fay  whether  the  bottle  be  full  of 
water  or  not. 

A  filh  or  a  xt^ui  in  water,  will  feci  the  water,  but  he  can-^ 
not  fee  it* 

The  particles  which  are  feen  moving  about  when  light 

pafles  through  a  hofe  in  a  room  otherwlfc  dark,  are  not  the 

|Kifticles  of  air,  bu(  they  are  particles  of  duft,  &c.  which  float 

in  tije  ai  r. 

furfacc 
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furface  of  tKe  ivatcr  in  the  bafon^  as  at  N,  thfc  g^ 
^rill  remain  entirely  fufl  of  water;  thcprefiureof 
the  atmolphere  on  the  fur&ce  of  the  water  of  the 
bafon  forcing  or  keeping  up  the  water  which  fills 
the  glafs.  Nor>  in  this  cafe,  can  any  air  enter  the 
cavity  <^  the  glafs,  becaufe  air  being  fpecifically 
lighter  than  ^Bitv^  cannot  poffibly  defcend  from  d 
to  0»  in  order  to  enter  that  cavity.  But  if  the  glais 
be  raifcd  higher  ftill,  fo  that  its  aperture  be  elevated 
above  the  fiirfacc  of  the  water  in  the  bafon^  then 
.  the  air  will  immediately  enter  on  one  fide  of  the 
aperture,  whil(t  thf  water  goes  out  at  the  oppofite 
fide.' 

When  the  vefTel  is  fhort,  and  its  aperture  lei^ 
than  a  quarter  of  an  inch  m  diameter,  the  water  or 
other  fluid  will  not  eafily  run  out  of  it,  though  the 
veflel  be  fituated  with  the  aperture  downwards. 
This  is  owing  to  the  attraftion  of  aggregation  be- 
tween the  particles  of  water,  which  will  not  fuffcr 
the  fmall  quantity  of  liquor  in  the  neck  of  the  veiiH 
to  be  divided  fo  as  to  give  room  for  the  entrance  of 
the  air:  hence  it  appears  why  phials  with  fmall  necks 
are  difficultly  fUlcd  with  any  liquor,  and  difficuldy 
emptied. 

A  well  known  experiment,  which  is  frequendy 
fhewn  in  a  familiar  way,  depends  upon  the  above* 
ir.entioned  principle.— A  wine  glafs  is  entirely  filled 
with  water  or  wine  j  then  a  flat  piece  of  paper  is 
placed  over  it,  and  the  palm  of  the  hand  is  put  oyer 
the  paper.     Things  being  thus  prepared,  the  glafi 

with 
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with  the  hand,  &c.  is  turned  upfide  down,  then  the 
hand  bdng  gently  removed,  the  glafs  will  be  fo^nd 
to  remain  full  of  water^  with  the  paper  adhering 
to  it. 

The  following  experiment  Is  intended  to  (hew  the 
fanne  property ;  namely,  the  prcflure  of  the  ac- 
mofphere  in  a  different  and  perhaps  more  fatisfac* 
tory  way. 

Take  a  glafs  tiibc  of  a  pretty  uniform  bore,  and 
open  at  both  ends,  as  A  B,  fig.  i.  Plate  XIH.  fit 
a  cork  i/  B  to  it,  and  let  a  ftick  or  wire  Ei/,  bd 
firmly  cemented  into  the  cork.  In  fhort,  form  a 
pifton,  like  that  of  a  fyringe,  to  the  glafs  tube.  Now 
place  dkis  pifton  even  with  the  lower  end  of  the  tube^ 
as  repreiehted  at  B,  in  the  figure,  and  in  that  fituatiofi 
pbce  the  fame  end  of  the  tube  in  water,  as  in  fig^ 
3*  and  holding  the  tube  (leadily,  pull  up  the  pifton 
gradually.  It  will  be  found  that  the  water  follows 
the  cork,  and  fills  up  all  that  part  of  the  tube  whidi 
is  below  the  pifton,  as  is  (hewn  in  fig.  3.  By  this 
means  the  prefTure  of  the  atmofphere  is  removed 
fi-om  over  that  part  of  the  water  iirhich  is  immedi- 
ately under  the  tube ;  therefore  the  prefTure  of  the 
atmofphere  on  the  reft  of  the  fur  face  of  the  water  in 
the  bafon,  forces  that  water  into  the  tube,  filling  up 
its  cavity  as  far  as  the  pifton. 

But  this  preCTure  is  limited  \  for  if  tlie  tube  be 
longer  than  ^Z  or  3+  f^^^f  ^"d  the  pifton^  be  pulled 
up  to  thehigheft  part  of  it,  the  water  will  not  T\(t 
higher  than  ^bout  23  ^^^^  ^^^  the  reft  of  the  tube 

as 
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hai  been  clUed  a  barometer  or  harojcofi^  viz.  fr<mt 
is  property  of  (hewing  the  adual  weight  of  the  at- 
mofphere  at  any  particular  place  and  time  ^. 

No  period  or  regularity  has  been  as  yet  difcovered 
widi  refpefb  to  this  change  of  gravity,  or  to  the  rife 
Knd  &I1  of  the  mercury  in  the  barometer,  which  is 
equivalent  to  that  prefTure;  fo  that  it  is  impoflible  to 
Ibretel  the  altitude  of  the  quickfilver  in  the  baromc-^ 
ter  for  any  particular  time.  But  it  has  been  ob- 
ierved,  that  the  altitudes  of  the  mercury  in  the  ba- 
rometer are  frequently  accompanied  with  certain 
ftates  of  the  weather,  fuch  as  wind,  rain,  calms, 
ftorms,  &c.  and  frequently  alfo  a  certain  altitude  of 
the  barometer  precedes  that  p^irticular  date  of  the 
weather  which  is  ufually  connefted  with  it,  on 
which  account  barometers  are  often  called  weather 
^/(Tj^i,  and  arc  commonly  kept  in  houfes,  on  board 
of  (hips,  &:c.  as  indicators  of  the  weather. 

The  principle  upon  which  thofe  barometers  arc 
conftrufted,  has  already  been  explained  \  the  other 
parts  which  are  annexed  to  the  common  coii- 
ftrudlion,  are  either  ornamenul,  or  they  are  intended 
for  the  fccurity  of  the  tube ;  of  the  quickfilver  m 


•  This  fufpenfion  of  the  quickfilver  in  the  barometer,  or 
inverted  glafs  tube,  not  beyond  a  certain  altitude,  and  the  va* 
riations  of  that  altitude,  were  firft  obferved  by  the  celebrated 
Italian  philofopher  Torricelli%  hence  the  barometer  is  often 
called  the  torricellian  tube  \  and  the  vacuum  in  the  upper 
part  of  it,  is  called  the  torrlaliian  vacuum. 

the 
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bafeoy  &.C.  they  will  be  particularly  defcribsd 
ifter.  The  words  which  are  engraven  on  the 
of  inches  and  tenths,  which  is  annexed  to  the 
ble  part  of  the  altitude^  are  expreffive  of  the 
ficr,  which  has  been  obferved  frequently  to 
mpany  thofe  particular  altitudes  of  the  mercury, 
fr  are  as  follows : 


Inches. 

,    Words  annexed. 

31- 

ytvj  dry.     Hard  froft. 

30.5- 

Settled  fair.     Scttlai  froft. 

30. 

Fair.     Froft. 

29.5- 

Changeable. 

«9- 

Rain.     Snow. 

2«,5.    , 

Much  rain.     Much  fnow. 

a8. 

Stormy  weather.  . 

be  riHng  and  falling  of  the  mercury  in  the  ba- 
rter muft  not  be  confidered  as  fufe  indications 
he  weather-  which  is  to  follow ;  yet  in  general 
will  enable  the  obferver  to  form  a  pretty  good 
s  of  the  change  of  weather  which  may  be  ex- 
ed.  Numerous  obfervations  relative  to  this 
jdt  have  been  made  in  various  parts  of  the 
Id,  and>  from  a  coUedtion  of  thofe  obfcrvations, 
learned  Dr/  H  alley  deduced  a  fee  o(  rules, 
rh  were  publifhed  in  an  early  volume  of  the 
ofophical  Tranfadions,  and  to  which  not  much 
tioix  has  been  made  by  fubfequent  obfervers. 
':^h.  rr.  p  1  ftiall 
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1  (hall  now  flibjoin  thofe  rules,  or  natural. lawsj 
together  with  the  conjeftures  relative  to  the  caufes- 
upon  which  they  depend,  in  Dr.  Halley's  own. 
words.  '       ' 

"  To  account  for  the  different  heights  of  the 
mercury  at  fcvcral  times,  it  will  not  be  unnecef* 
fary  to.  enumerate  fome  of  the  principal  obferva- 
tions  inadc  upon  the  barometer. 

*^  I.  The  firft  is,  that  in  calm  weather,  when 
the  air  is  inclined  to  rain,  the  mercury  is  com- 
monly low. 

"  2.  That  in  fcrene,  good,  fettled  weather,  the 
mercury  is  generally  high. 

*^  3.  That  upon  very  great,  winds,  though  they 
be  not  accompanied  with  rain,  the  mercury  finks 
loweft  of  all,  with  relation  to  the  point  of  the  com- 
pafs  the  wind  blows  upon. 

"  4.  That,  ceteris  paribus^  the  greateft  heights  of 
the  mercury  are  found  upon  eafterly  and  north* 
eafterly  winds. 

•^  5.  That  in  calm  frofty  weather,  the  mercury 
generally  ftands  high. 

"  6.  That  after  very  great  ftorms  of  wind,  when 
the  quickfilver  has  been  low,  it  generally  rifc§  ag«fl 
very  faft. 

«  7.  That  the  more  northerly  places  have 
greater  alterations  of  the  barofcopc  than  the  mort 
foutherly. 

"  8.  That  within  the  tropics,  and  near  thcRH 

thofe  accounts  wc  have  had  from,  others,  and  mf 

own 
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own  obfervations  at  St.  Helena,  mike  very  little  oi* 
no  variition  of  the  height  of  the  mercury  in  all 

weathers* 

'*  Hence  I  conceive  that  the  principal  (Jaufe  of 
die  rife  and  fall  of  the  mercury,  is  from  the  variable 
winds  which  are  found  in  the  temperate  zonesj  and 
whofe  gre^  inconftancy  here  in  England  is  moft 
notorious. 

^^  A  feeond  caufe  is  the  uncertain  exhalation  and 
precipitation  of  the  'Vapours  lodging  iti  the  aio 
whereby  it  comes  to  be  at  one  time  much  more 
crouded  dian  at  another^  and  coniequently  heavier ; 
but  this  latter  in  a  great  meafure  depends  upon  the 
fbi-mer«  Now  from  thcfe  principles  I  (hall  endea- 
vour to  explicate  the  feveral  phacnomena  of  the  ba-^ 
rometer/ taking  them  in  the  fame  order  I  kid  them 
down. 

"  I.  The  mercury's  being  low,  inclines  it  to 
r^in,  becaiife  the  air  being  light,  the  vapours  are  no 
bnger  fupported  thereby,  being  become  fpeciflcally 
heavier  than  the  medium  wherein  they  floated  ;  fo 
that  they  defcend  towards  the  earth }  and|  in  their 
fall,  meeting  with  other  aqueous  particles,  they  in^^ 
corporate  together,  and  form  little  drops  of  rain« 
But  the  mercury's  being  at  one  time  loWer  than  zA 
another,  is  the  efiefb  of  two  contrary  winds  blowing 
fit>m  the  place  where  the  barometer  ftands,  whereby 
the  air  of  that  place  is  carried  both  ways  from  it, 
and  confequently  the  incumbent  cylinder  of  air  is 
i]iminifhed,  and  accordingly  the  mercury  finks.  As 

p  2  for 
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for  iiiftimrei  if  in  the  German  oceaa  it  (bould  bk>w^ 
a  gale  of  wefterly  wind,  and  at  die  (ame  time  an 
cafterly  wind  in  the  Irifli  fca,  or  if  in  France  it 
Aiould  blow  a  northerly  wind,  and  in  Scodanda 
foutherly,  it  muft  -be  granted  mc  that  that  part  of 
the  acnnofphere  impend^ht  over  Englaixi  woukl- 
thereby  ;be  exhaufted  and  atten\med»  and  the  mer- 
cury would  fubfidcj  and  the  vapours,  which  before 
floated  in'choie  parta  of  the  aTr  of  tq«iai  gravity 
.widi  thgiifclves,  would  (ink  to  the  earth. 

"  a.  The  greater  height  of  the  baromciter  is  oc- 
cafioned  by  two  contrary  winds  blowing  towards  die 
^lace  of  obfervaiion>  whereby  the  air  of  other  places 
is  brought  thither  and-  acqumulated.;  lb  that  tlie 
incumbent  vylinder  of  air  being  incrcafcd  both  in 
height  and  weight,  the  mercury  preflcd  thereby 
mufl  needs  riie  and  (land  high,  as  long  as  the  winds 
continue  fo  to  blow ;  and  then  the  air  bong  fpedfi- 
cally  heavier,  the  vapours  are  better  kept  fufpend^ 
ed|  fo  that  they  have  no  incUnation  to  precipicace 
and  fall  down  in  drops ;  which  is  the  reafon  of  the 
ferene  good  weather  which  auenda  the  greater 
heights  of  the  mercury. 

*'  3.  The  mercury  finks  the  loweft  of  ail  by  tfar 
very  rapid  motion  of  the  air  in  ftorrns  of  wind  i  fa 
the  traft  or  region  of  the  earth's  fuifiKrc,  wherciB 
thefe  winds  rage,  not  extending  all  roii]>d  the  glote 
that  ftagnant  air  which  is  left  behind^,  as  likeviit 
that  on  the  (ides,  cannot  come  in  fb  h&  as  to  fi^ 
ply  the  evacuation  made  by  fo  fwift  s^  cairenti  b 

that 
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that  cfae  aiF  mud*  necellarily  be  attenuated  when 
and  where  the  faid  winds  continue  to  blow,  and  that 
more  or  lefs,  according  to  their  violence  v  add  to 
which,  that  the  horizontal  motion^f  the  air  beinor 
£0  quick  as  it  is,  may  in  all  probability  take  off 
finne  part  of  the  perpendicular  preflure  thereof,  and 
the  great  agitation  of  its  particles  is  the  reafbn  why 
the  irapoulrs  are  diffipated,  and  do  not  condenfe  into 
drops  fo  as  to  form  rain ;  otherwife  the  natural  con- 
itquence  of  the  air's.  rarefaAion.  , 

^  '4.  The  mercury  ftands  the  hlgheft  upon  an 
eafterly  or  north-eafterly  wind,  becaui'e  in  the  great 
Atlantic  ocean^  on  this  fide  the  35***  degree  of  north 
latitude,  the  wcfterly  and  fouth-wcfterly  winds  blow 
almoft  always  trade  \  fo  that  whenever  here  the  wind 
comes  up  at  eaft  and  north-eaft,  it  is  fure  to  be 
cfiecked  by  a  contrary  gale  as  foon  as  it  reaches  the 
ocean ;  wherefore,  according  to  what  is  made  out . 
in  our  fecond  remark,  the  air  muft  needs  be  heap« 
cd  over  this  ifland,  and  confequendy  the  mercury 
muft 'ftand  high,  as  often  as  thefe  winds- bbw. 
This  holds' true  in  this' country  >  but  is  not  a  gene- 
ral rule  for  others,  where  the  winds  are  under  dif- 
ferent circumftances ;  and  I  have  fbmetimes  feen 
the  mercury  as  low  as  29  inches  upon  an  eafterly 
wind,  but  then  it  blew  exceeding  hard,  and  fo  comes 
to  be  accounted  for  by  what  was  obferved  upon  the 
third  remark. 

**  5.  In  calm  frofty  weather,  the  mercury  gene- 
rally ftands  high,  becaufe  (as  I  conceive)  it  fcldom 

p  3  freezes 
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freezes  but  when  the  winds  come  out  of  the  nordiem 
and  north- eaftern  quarters  \  or  at  leaft  unleis  thofc 
winds  blow  at  no  great  diftance  off;  for  the  northern 
parts  of  Germanyi  Denmark,  Sweden,  Norway, 
and  all  that  tra£l  from  whence  north- eaftern  winds 
come,  arc  fubjedi:  to  almofl  continual  froft  all  the 
winter  J  and  thereby  the  lower  air  is;  very  much 
condenfedj  and  in  that  ftate  is  brought  hithcrwards 
by  thofe  winds;  and  being  accumulated  by  the  oppo- 
fition  of  the  wefterly  wind  blowing  in  the  ocean,  the 
{Tiercury  muft  needs  be  preft  to  a  more  than  ordi- 
nary height ;  and  as  a  concurring  caufe,  the  (hrink- 
ing  of  the  lower  part$  of  the  air  into  leijer  room  hy 
cold,  muft  needs  caufc  a  deicent  of  the  upper  parts 
of  the  atmofphere,  to  reduce  the  cavity  made  hy 
(his  contra6i;ion  to  an  ^quilibriutn. 

I  "  6.  After  great  ftorms  of  wind,  when  the  mer- 
cury has  been  very  low,  it  generally  rifes  again  very 
faft.  I  once  bbferved  it  to  rife  \i  inch  in  lefs  than 
fix  hours,  after  a  long  continued  ftorm  of  Ibuth- 
wcft  wind.  The  reafqn  is,  becaufc  the  air  being 
very  much  rarefied  by  the  great  evacuations  which 
fuch  continued  ftorms  make  thereof^  the  neighbou^ 
ing  air  runs  in  the  more  fwiftly  to  bring  it  to  an 
4equiliMum  i  as  we  fee  water  runs  the  fatter  for  hav- 
ing a  great  declivity, 

•^  7.  The  variappns  arc  greater  in  the  more 
northerly  places,  as  at  Scockholm  greiter  than  at 
Paris  (compared  by  Mr.  Pafcall*);  becaufe  the 
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morp  northerly  parts  have  ufually  greater  ftorms 
m  wind  than  the  more  foutherly,  whereby  the  rner- 
cjury  fliould  fink  lower  in  that  extream  y  and  then 
xhc  northerly  winds  bringing  the  condenfcd  and  pon- 
(derous  air  from  the  neighbourhpoc}  of  the  pole^  and 
that  again  being  checked  by  a  foutherly  wind  at  np 
great  diftance,  and  fo  heaped,  ttjuII  of  ncccflity 
make  the  mercury  in  fuch  cafe  ftahd  higher  in  the 
other  extn^^in. 

"  8*  Laftly,  this  remark,  that  iherc  is  little  or 
no  variation  i^ear  th^  equinoctial,  as  at  Barbadoes 
and  St.  Helena,  does  above  all  oth<frs  confirm  tfiP 
hypothefis  of  thp  variable  winds  being  the  caufe  of 
thefc  variations  of  jthp  hcighf  .of  the  qiercury  s^  for 
[n  the  places  above-named,  there  is  always  an  eafy 
^ale  of  wind  blowing  nearly  upon  the  fame  point, 
/iz.  E.  N.  £.  at  Barbadoes,  and  £.  S.  E.  at  St. 
Hlelena,  (b  that  there  being  no  contrary  currents  of 
he  air  to  exhauft  or  accumulate  it,  the  atnriofphere 
rontinues  mujch  in  the  fame  ftate  :   liowcver,  upon 
lurricanes  (the  moft  violent  ftorms)  the  mercury 
las  been  obfctved  very  low,  but  this  is  but  once  in 
wo  or  three  years,  ^nd  it  foon  recovers  its  fettled 
^ate  of  about  29  {  inches. 

**  The  principal  objection  agajnft  this  doftrine 
s,  that  I  fuppofe  the  air  fomctimes  to  roove  from 
hofe  parts  where  it  is  already  evacuated  below  the 
rquilibrium,  and  fometimes  again  towards  thofe 
arts  where  it  is  condenfed  and  crouded  above  the 
lean  ftatp ,  which  may  be  thought  contfadiftory  to 

F  4  .the 


ai6     '  Of  Pneumatics,  or 

the  law  offtatics,  and  the  rules  of  the  ^equiStrium  of 
fluids.     But  thofe  that  fhall  confider  hovr>  when 
once  an  impetus  is  given  to  a  fluid  body,  ic  is  ca-- 
pable  of  mounting  above  its  level,  and  checking 
others  that  have  a  contrary  tendency  to.  de(cend 
by  their  own  gravity,  will  no  longer  regard  this  as  a 
material  obftacle ;  but  will  rather  conclude,  that  the 
great  analogy  there  is  between  the  rifing  and  falling 
of  the  water  upon  the  flux  and  reflux  of  the  fea,  and 
this  of  accumulating  and  extenuating  the  air,  is  a 
great  argument  for  the  truth  of  this*  hypothefis. 
For  as  the  fea  over  againfl:  the  coaft  of  Eflcx  rifes 
and  fwclk  by  die  meeting  of  the  two  contrary  tides 
of  flood,  whereof  the  one  comes  from  the  S.  W. 
along  the  channel  of  England,  and  the  other  from 
the  north,  and  on  the  contrary  fink§  below  its  level 
upon  the  retreat  of  the  water  both  ways,  in  the  tide 
of  ebb  ;  fo  It  is  very  probable,  that  the  air  may  ebb 
and  flow  after  the  fame  manner ;  but  by  reaibn  of 
the  divcrfit/of  caufes,  whereby  the  air  may  be  fct 
in  moving,  the  times  of  thcfc  fluxes  and  refluxes 
thcr(!of  are  purely  cafual,  and  not  reducible  to  any 
rule,    as  are    the  motions  of  the   fca,  depending 
wholly  upon  the  regular  eourfe  of  the  moon."    So 
far  are  Dr.  Halley's  obfervations. 

"  It  is>^'  fays  Col.  Roy^  «'  a  well  known  and 
cftabiiftied  faft,  that,  in  the  middle  -latitudes,  a 
north  or  north-eaft  wind  confl:antly  raife$  the  baro- 
pieter,  and  generally  higher  as  its  continuance  is 
longer.     The  contrary  happens  when  a  fouth  or 
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fotith-wcft  wind  blows ;  for  I  believe  it  is  commonly 
loweft  when  the  duration  and  ftrength  of  the  wind 
from  that  quarter  have  been  the  greateft,  Thu* 
the  north-eaft  wind,  by  blowing  for  any  length  of 
timcj  brmgs  into  the  middle  latitudes  a  mafs  of  ait 
heavier  than  that  which  naturally  appertains  to  the 
region,  iind  raifes  the  barometer  above  its  mean 
height.  The  continuance  of  a  fouth-weftcrn  carries 
oflF  the  heavy  air,  depofits  a  much  lighter  body  in 
its  (lead,  and  never  fails  to  fink  the  barometer  be- 
low its  mean  height." 

The*  grcatcft  alterations  of  the  barometer  gene- 
rally take  place  during  clear  weather,  with  a  norther- 
ly wind  J  the  fmall  changes  generally  take*  place 
during  cloudy,  rainy,  or  windy  weather,  with  a 
foutherly  wind.  The  changes  of  the  barometrical 
altitude  arc  greater  in  winter  than  in  fummer ;  but 
the  mean  elevation  is  greater  in  fummer  than  in 
winter,  and  greateft  at  the  equinox. 

The  barometer  is  generally  lower  at  noon  and 
at  midnight,  than  at  any  other  period  of  the  2f 
hours. 

To  thole  we  may  add  De  Luc's  obfcrrvation,  viz. 
that  a  rapid  movement  of  the  mercury  in  the  ba- 
rometer, even  when  rifing,  is  an  indication  of  bad 
weather,  but  not  of  long  duration. 

Such  are  the  indications  which  may  be  dirived 
from  the  movements  of  the  barometer  alone ;  but 
the  obfervers  of  later  times,  having  made  a  rational 
inveftigvion  of  the  poffiblc  influence  of  che  moon 
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upon  the  atmofphere,  and  upon  the  weadier,  have 
(hewn  that  we  may  form  much  more  probable  con- 
jefturcs  relative  to  the  weather,  by  combining  the 
obfervations  of  the  barometrical  movements  with 
the  fitiiations  of  the  moon  *•  But  of  this  more  in 
the  next  chapter. 

The  movement  of  the  mercury  in  the  barometer 
about  our  latitude,  has  been  already  faid  to  amount 
to  about  3  inches.  But  it  will  be  of  ufe  to  know 
its  more  ordinary  altitude,  or  it$  mean  altitude. 

It  appears  from  the  meteorological  journals  of 
the  Royal  Society,  which  are  publilhed  annually  in 
the  Philofophical  TranfaAions,  that  the  mean  altitude 
of  the  barometer  is  29,89  inches,  and  the  mean  al- 
titude of  the  barometer  fur  each  (ingle  year,  hardly 
ever  differs  from  the  above,  by  more  than  half  a 
tenth  of  an  inch  \  as  appears  from  the  following 
ftatemcnt  of  the  mean  barometrical  altitude  of  each 
year,  commencing  with  the  year  1787,  from  which 
time  the  barometrical  obfervations  at  the  apartments 
pf  the  Royal  Society  have  been  m^de  with  great  ac* 
tention  and  regularity  f. 


J787. 
1788. 
1789. 
i7t,o. 

1791. 


2v,8o 

29,96 

29>79 
^^9,98 

29,i)7 


1792. 

^793- 

17  94- 

1795- 
1796. 


29,87 

29:93 

29,91 
29,90 
29,89 


1797- 
1798. 

1799. 
1800. 


29,92 
29,92 
29,84 
29,90 

The 


*  Sec  Toaldo's   Syftem  refpefting  the  probability  of  a 
change  of  weather,  &c.  in  the  Journal  des  Sciences  Utiles, 
f  The  mercury  in  the  bafoq  of  the  baromcti^r  of  the 
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The  French  reckon  the  nncan  altitude  of  the 
meroii^  in.  the  barometer  pflaced  on  the  leyel  of 
the  fea,  equal  to  28  French  inches,  which  are  equi- 
valent to  29,841  inches  Engli(h*« 

It  appears  vety  clearly,  from  what  has  been  al- 
ready faid  in  this  chapter,  that  the  air  is  a  ponderous 
fubftance ;  but  the  particular  weight  of  a  given 
quantity  of  air,  or  its  fpecific  gravity,  is  afcertained  ^ 
by  z&voMj  weighing  it  with  a  balance.  For  this 
purpofe  a  glafs  veflel  is  weighed  firrt  full  of  air, 
Fhen  cxhaufted  of  air,  and  laftly,  full  of  water^ 
by  which  means  we  obtain  the  weights  of  equal 
bulks  of  air  and  of  water  >  and  dividing  the 
former  by  the  latter,  the  quotient  will  exprefs 
*  fbc  /pecific  gravity  of  the  air  -f.  But  it  miuft  be  ob- 
fcrved,  that  air,  being  very  elaftic,  its  bulk,  and 
Confequently  it§  fpccific  gravity,  is  eafily  increafcd 
or  diminished  by  heat  and  c(;ld,  as  alfo  by  an  al- 
^^ration  of  the  preflbre ;  therefore,  whenever  the 
Ipecific  gravity  of  an  aerial  fluid  is  to  be  ftated,  it  is 
always  proper  to  fet  down  the  altitude  of  the  mer*- 
cury  in  the  barometer,  and  the  degree  of  heat,  at 

Royal  Society  at  Somerfet  Houfe,  is  fituated  8 1  f^ct  above 
the  river  Thamos,  vfz.  the  level  oFIoiv  water  fpring  tides. 
1  he  obfervations  are  taken  twice  a  day,  viz.  at  7  or  8  in 
^hc  morning,  and  at  2  in  the  afternoon.  The  mean  for  the 
whole  year  is  pbiaincdby  adding  all  ^he  obfcrvations  toge- 
fber,  and  dividing  the  fum  by  the  number  of  obfervations* 

•  DeProny's  Architedure  Hydraulique,  p.  298. 

f  The  conftrudUon  of  the  veflcl  fit  for  this  purpofe, 
as  alfo  the  manner  of  cxhaufling  it^  will  be  defcriUed 
^reafter; 

the 
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the  time  of  weighing  the  air.  Ahd  diis  precaution 
has  been  obferved  in  the  table  of  fpecifk  gravities. 
See  p.  95- 

The  knowledge  of  the  preflure  of  theatnwfphere, 
land  of  the  perpendicufeir  pillar  of  quickfilver,  which 
is  etjuivalent  to  it,  enables  us  to  calculate  the  aftual 
preflure  of  the  atmotphere  upon  the  whole  globe  of 
the  earth,  upon  the  human  body,  or  upon  any  other 
body;  and  it  appears  that  this  preflure  is  prodigi- 
oufly  grrar,  yet  we  do  not  find  it  incommodious  or 
opprcflive,  becaufe  we  are  preflcd  on  every  fide 
by  it,  and  the  preflure  on  the  furface  of  our  bodies 
is  counterafted  by  the  fluids  and  folids  of  our  bodies, 
which  are  almofl:  entirely  non  elaftic.  If  that  pref- 
fure  be  removed  from  one  fide,  then  it  will  be  found 
to  aft  with  prodigious^  force  on  the  other  fide. 

As  the  preflure  of  the  atmofphere  fupports  a  per- 
pendicular pillar  of  quickfilvcr  between  28  and  ji 
inches  high,  thp  weight  of  fuch  a  pillar,  let  its  bafc 
be  what  it  may,  flicws  the  preflure  of  the  atmo- 
-Iphcre  upon  a  furface  equal  to  that  baft.  Now  a 
pillar  of  quickfilver,  whofe  bafc  is  an  inch  fquare,artd 
whofe  altitude  is  28  or  31  inches  long,  weighs  13,751 
or  15»23  pounds  avoirdupoife,  the  mean  of  which 
is  14,49  pounds}  therefore  at  a  mean  the  prcflfurc 
of  the  atmofphere  upon  hvtvy  fquare  irfch,  at  the 
furface  of  the  earth,  iff  about  14  \  pounds  avoirdu- 
poife  ;  then  by  the  rule  of  proportion,  or  fimply  by 
multiplication,  we  may  eafily  find  out  the  preflure 
upon  any  given  furface.  Thus  the  preflure  ,of  the 
3  atmcfphcr 


itmofphcre  on-s  iquare  foot^  (which  contains  144 
qjoare  inches)  is  equal  ta  144  times  14  f  pounds, 
az.  to  2o884>ounds.  The  preiforc  of  ^e  atmo* 
pbtrc  on  the  body  of  a  middle  fixed  human  bekig 
reckoning  iu  fuiface  equal  to  z  2  iquare  fccty  is 
12  times  2088.;  that  is  25056  pouhds^  or  upwards- 
Iff  eleven  tons.  The  preflifrc  on  die  furface  of  the 
irhole  earth  (which,  in  round  numbers^  is  equal 
o  5375680000000000  fquare  feet,)  is  equal  ta 
ibout  11642019840000000000  pounds.  ^ 

It  is  now  necefiary  to  examine  the  elaftic  proper- 
cy  of  air.  .      •' 

If  from  a  veffcl  full  of  water,  part  of  the  water 
be  reoioved,  then  the  cavity  of  that  veflel  will  not 
be  entirely  occupied  by  water.  Now  the  ianac 
thing  cannot  be  done  with  air ;  for  if  from  a  veiTel 
fiili  of  air,  half  the  air  be  removed  by  means  of  a 
proper  engine,  and  the  entrance  of  other  air  be 
prevented,  the  veffcl  will  ftill  remain  entirely  full 
6f  air,  only  the  air  in  it  will  be  half  as  denle  as  it 
was  before.  If, .  inftead  of  the  half,  you  remove  a 
much  greater  portion  of  the  air  from  the  above*^ 
mentioned  veflelj  the  veflel  will  ftill  remain  entirely 
full  of  air  ;  only  the  air  in  it  will  be  proportionately 
lefi  denfe.  In  (horr,  by  removing  the  prcfllire,  a. 
qoantity  of  air  may  always  be  expanded  ;  nor  is  it 
known  to  ^hat  degree  this  expanfion  will  reach ; 
confequently  it  is  not  in  our  power  to  determine 
the  extent  of  the  atmofphere. 

On  the  other  hand,  by  increafing  the  preflfure^pro- 

portionately. 
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portionately^  a  quantity  of  air  may  be  condenie^ 
ioto  any  given  fpacc,  however  fmall  \  the  denfity  of 
the  compreffed  air  increafing  acctording  as  the  bulk 
is  diminifhed.  Nor  has  this  condenfation  any 
koown  linf)icsi  chough  it  feema  rational  to  fuppofc 
that  a  limk  it  itiuft  undoubtedly  have. 

If  a  gkfs  vcflfel  full  of  air  be  immerfcd  in  water 
with  its  aperture  downwards,  the  water  immediately 
under  it^  which  at  firft  lies  even  with  its  aperture^ 
will  gradually  rife  in  the  veffcl  in  {>roportion  as  the 
vefiel  is  conveyed  deeper  and  deeper  into  the  water ; 
the  air  in  it  being  coixipreffed  and  condenfed  by  the 
perpendicular  altitude  of  the  fuperincumbent  water. 
On  drawing  the  veiTel  upwards^  the  air  in  it  will  ex^ 
pand  again. 

This  experiment  fliews  that  air  is  Compreflible  3 
but  the  following  experiment  will  fheW  that  the  bulk 
of  a  given  quantity  of  air  is  invcrfely  (and  of  courfe 
its  denfity  is  direftly)  as  the  comprefiing  force ;  for 
inftance,  if  a  certain  weight  compreflcs  a  quantity 
of  air  into  the  half  of  its  original  bulk,  twice  that 
weight  will  coqiprefs  it  rnto  a  quarter  of  its  original 
bulki  ten  times  that  weight  will  force  it  into  the 
20'*^  part  of  its  original  bulk  ;  and  fo  on. 

Take  a  cylindrical  gkfs  tube  bent  in  the  fomi 
of  ABCD,  fig.  4.  Plate  XIII.  open  at  A,  and 
clofcd  at  D,  and  place  it  with  the  bent  part  down- 
wards ;  pour  as  much.quickfilvcr  into  the  aperture 
A,  as  will  barely  fill  the  horizontal  part  B  C,  which 
will  confine  the  air  in.  DC.     This  air,  like  the  air 

which 


which  is  about  the  apparatus,  &6.  is  totnprefl^  by 
the  ufual  preflure  of  the  atmofphcre,  and  this  pref^ 
Ibrc  is  reprelcnted'  by   (flnce  it  is  equivalent  to) 
the  afbial  altitude  of  the  mercury  in  the  barometer^ 
Now,  if  you  pour  more  quickQlrer  into  the  aper- 
ture A,  the  air  in  C  D  will  thereby  be  Gompreflcd 
into  a  narrower  fpace  j  as  is  indicated  by  the  mer- 
cury riOng  into  the  part  C  D,  and  it  will  be  found, 
diat  the  fpace  D  r,  in  which  the  air  has  been  con-« 
traded  by  the  preffure  of  the  perpendicular  pillar  of 
nfiercury  gf,  (the  altitude  of  which  muft  always  be 
reckoned  from  the  level  of  the  furfacc  eg  of  the 
mercury  in  the  pait  CD)  in  additioa  to  the  ufual 
preflure  of  the  atmofphere,  is  to  its  original  bulk ' 
CD,  as  the  ufual  preflure  of  the  atmofphere  (or  as 
the  a&ual  altitude  of  the  barometer)  is  to  the  fum 
of  diat  afhial  altitude  and  the  altitude  g/.     Thus< 
when  gf  is  equal  to  the  aftual  altitude  rf  the  mer- 
cury in  the  barometer,  then  the  preflltre  on  the 
confined  air  is  twice  as  great  as  if  it  were  pref&d  by 
the  atmofphere  only;  therefore  that  air  will  be  con- 
fined into  the  half  of  its  original  bulk,  viz*  D>  will 
be  die  half  of  DC,     When  the  altitude  gf  is  mac^c. 
equal  to  twice  the  ahitude  of  the  mercury  in  the 
barometer,  then  the  preflure  on  the  confined  air 
will  be  three  times  as  great  as  if  it  were  prefled  by 
the  atmofphere  Qnly ;  hence  D  e  will  be  found  eqiKi) 
to  a  third  pait  of  D  C ;  and  fb  on. 
.  The  expanfion  of  air  in  proportion  to  the  diminu- 
tion of  the  preflure,  may  be  fliewn  by  a  variety  of 

experiments. 
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experiments.  We  ftall  for  the  prefent^  however,  de- 
fcrtbc  only  one  which  may  be  eaGly  perfbrncied, 

Tako  a  cylindrical  glafs  tube,  dofed  at  one  end 

and  open  at  the  other,  fidl  it  with  quick filrer  to  a 

certain  height,  and  leave  the  reft  fiill  of  air  (or,  as  ^ 

it  would  commonly  be  expreffled,  leave  it  empty) ; 

put  a  finger  upon  the  aj^erture  of  the  tube  ;  turn  the 

tube  with  the  aperture  downwards  j  immerge  that 

aperture  together  with  the  finger,  in  a  baibn  of 

quickfilvcr,  thenTcmove  the  finger;  and  it  will  be 

found  that  the  air  >Kfhich  was  left  into  the  tube,  and 

which  now  occupies  the  upper,  that  is  the  clofed^ 

part  of  the  tube,  has  enlarged  its  dimenfions.  Sup- 

pofe,  for  inftance,  -  that  the  tube  be  30  inches  long, 

that  it  be  filled  with  mercury,  excepting  8  inches. 

'  When  the  tube  is  invened,  as  in  fig,  5.  Plate  XIIL 

the  air  will  occupy  the  upper  part  A  B,  and  the 

mercury  the  lower  part  B  C  5  but  the  part  A  B, 

which  is  occupied  by  the  air,  will  be  found  to  be 

longer  than  8  inches  ;  the  reafon  of  which  is,  that 

the  original  quantity,  viz.  8  inches  of  air,  which 

before  the  tube  was  inverted,  was  preffed  by  the 

atmofphere,  now  fuftains  a  lower  degree  of  prcf- 

fure ;  that  is,  the  preflure  of  the   atmofphere  is 

partly  counteraftcd  by  the  pillar  of  mercury  BC 

Therefore,  fince  the  bulks  of  the  fame  quantity  of 

air  arc  invcrfcly  as  the  preflures,  it.'will  always  be 

found  that  the  difference  of  the  aftual  altitude  of 

the  mercury  in  the  barometer,  and  the  altitude  BC 

of  the  mercury  in  the  above-mentioned  tube,  is  to 

the 


he  a&ual  altitude  of  the  mercury  in  the  barometer^ 
IS  8  inches  (viz.  the  original  bulk  of  the  confined 
iir)  is  to  its  prefent  bulk  A  B ;  fo  that  if  the  aftual 
iltitude  of  the  mercury  iii  the  barometer  be  28 
nche^y  CB  will  be  found  equal  to  14  inches^  and 
)lB  equal  to  16  inches;  for  in  that  cafe  28—14 
yi^/14)  :  28  : :  8  :.i6. 

Air.  has  been  left  for  feveral  years  very  much 
x>mprefled  in  proper  veflels,  wherein  ihere  was  no- 
Ung  that  could  have  a  chemical  aftion  upon  it  1 
ind  afterwards  on  removing  the  unufual  preffure^ 
ind  replacing  it  id  the  fame  temperature^  the  air 
las  been  found  to  recover  its  original  bulk, .  which 
hews  that  the  continuance  of  the  preflure  had  not 
liminiihed  the  elafticity  of  it  in  the  leaft  percepti- 
ble degree. 


.  t 
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CHAPTER     IX. 

.  of'  the  density  and  ALTITUOt  OF  THE  AT* 
MOSPHERE)  TOGETHER  WITH  THE  METHOD  QH 
MEASURING  ALTITUDES  BY  MEANS  OP  BARO« 
METRICAL    OBSERVATIONS. 

i 

EXPERIENCE  'fh(;ws  that  the  atmofphcrt, 
or  the  air,  which  furrounds  the  eartbj  is  of 
different  denfities  at  different  diftances  from  the 
centre  thereof.    Our  diceft  experiments,  however, 
do  not  reach  to  any  great  heights  into  the  regions  of 
the  atmofpbere.     But  the  numerous  experiments, 
which  have  been  made  on  the  compreffion  of  air, 
the  moft  convincing  of  which  have  already  been 
mentioned,  prove  that  air  is  condenfed  in  propor- 
tion to  the  force  which  comprcfles  it,  or  that  it  ex- 
pands in  the  invcrfe  ratio  of  that  force,  and  that  it 
docs  not  lofe  any  portion  of  its  elafticity  by  remain- 
ing long  confined.     We  are,  therefore,  authorifcd 
to  fuppofe  that  the  air,  at  all  diftances  from  the 
earth,  is  more  or  left  denfe,  according  as  it  is  fitu- 
ated  nearer  to,  or  farther  from,  it ;  or  according  as 
it  is  preffed  by  a  greater  or  Icfler  weight  of  fuperin- 
cumbent  air.     We  may  alfo  conclude,  that,  not 
knowing  how  far  air  may  be  expanded,  we  cannot 
determine  to  what  height  the  atmofphere  is  ex- 
tended. 

Bui 
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But  the  compreffion  arifing  from  the  weight  of 
the  fuperincumbent  air,  though  by  far  the  princi-* 
palj  is  not  the  only  caufe  upon  which  the  various 
denfity  of  the  atmofphere  depends.  In  (hort,  all 
the  caules,  which  feem  to  concur  towards  the  pro* 
dudion  of  that  effeft^  are,  i*  The  various  quan- 
tity of  fuperincumbent  air  at  different  aldtudesj 
2«  The  decreafing  attradion  of  the  earth,  or  th^ 
decreafing  .weight  of  bodies,  in  proportion  to  the 
fquares  of  the  diftances  from  the  centre  of  the 
earth  \  3.  The  influence  of  heat  and  cold ;  4.  The 
admixture  of  vapours  and  other  fluids;  and,  5. 
The  atttadUon  of  the  moon  and  other  celeftial 
bodies.  \ 

For  the  fake  of  perfpicuity,  we  (hall  examine 
each  of  thoTe  caufes  fucceflively,  and  in  the  firfl: 
place  we  flull  endeavour  to  expl^n  the  efi^c&s  of 
preffiire. 

Imagine  that  ABCD,  fig.  6,  Plate  XIII.  is 
a  pillar,  orveflel,  fuU  of  air,  reaching  from  the 
iur&ce  A  B  of  the  earth,  to  the  farthefi:  part 
C  D  t>f  the  atmofphere ;  for  whatever  is  proved 
with  refpc£fc  to  the  denfity  of  the  air.  in  this 
piUarj  or  portion  of  the  atmofphere,  will  evidently 
ftand  good  with  refpc£t  to  any  other  contiguous 
pillar  or  portion  of  it,  and,  of  courfe»  with  refpeft 
t6  the  whole  atmofphere. 

Imagine  likewife,  that  this  pillar  is  divided  by 
partitions  pa/allel  t6  the.  horizon,  into  a  vafl: 
number  of  equal   fpa(!cs>  AB^/,  ifgh^  l^^^> 

ikmn,  &c» 

0^2  Now 
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Now  as  the  denfity  of  the  air  is  continually  dc- 
creafing  from  the  earth  upwards ;  therefore,  ftridUy 
fpeaking,  that  denfity  muft  be  various,  even  in  dif- 
ferent parts  of  every  one  of  thofc  fpacea :  yet  as 
ihofe  fpaces  may  be  conceived  to  be  in6nitely  fmall, 
we  may,  without  any  fenfiblc  error, .  {uppofe  that 
the  denfity  of  the  air  is  uniform  throughout  the  va- 
rious parts  of  any  one  of  them. 
.  Since  the  denfity  of  th^  air  is  always  as  the  force 
which  comprefies  it ;  and  fince  the  air  m  every  part 
of  the  atipolphere  is  preflcd  by  the*  weight  of  the 
fuperincumbent  air ;  it  follows  that  the  denfity  of 
the  air  in  AB^y^  is  to  the  denfity  of  the  air  mefgb^ 
as  ^/CD  is  to  ^i& CD.     So  that  the  difference  be- 
tween the  prefiiires  on  ef  and  on  gb  (or  between 
ftie  quantities  of  air  AB^/,  and  efgb^)  is  equal  td 
the  quantity  of  air  efgb.    For  the  fame  reafon,  the 
difference  between  the  prefllires  on  gb  and  on  ik 
(or  between  the  quantities  of  air  in  efgb  and  gbik) 
is  equal  to  the  quantity  of  air  gbik.     Alfo  the  dif- 
ference between  the  preflurcs  on  ik  and  on  mn  (or 
between  the  quantities  of  air  gbik  and  ikmn)  is 
equal  to  the  quantity  of  air  ikmn ;  and  {o  on. 
Therefore  the  quantiries  of  air,  or  the  denfi{ies  of 
air,  in  thofe  fpaces,  are  proportional  to  the  quan- 
tities of  which  they   themfclves    arc   the  differ- 
ences.     But  when  there  is  a  fcries  of  quanticiest 
whofc  terms   are   proportional  to  their  own  dif- 
ferences,   then    both    thofe    quantities  and   their 

differences, 
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dUftfencC8>  are  m  geometrical  progrelTion  *  i  there- 
fore the  denfities,  or  quanticieSj  of  air  in  the  equal 
ipaces  ABe/i  efgby  gbiky  tkpn,  &c.  are  in  geo- 
metrical progreflion* 

It  muft  likewife  be  obfcrved,  that  the  heights  of 
thofe  equal  fpaces  above  the  furface  AB  of  the 
eartbj  are  in  arithmetical  progreflion  $ .  viz.  if  the 
iccond  fpace.  be  one  inch  above  the^  fur&ce,  the 
next  Vill  be  two  inches  above  that  fur&ce,  the  nett 
to  that  will  be  three  inches,  and  fo  on ;  or  inAead  of 
inches  their  altitudes  may  be  of  any  other  dimenfion^ 
as  the  one-hundredth,  or  the  one-thotifandth  part 
of  an  inch.    From  all  which  we  derive  a  very  re- 
markable conclufion ;  namely^  that  if  the  altitudes 
uhve  thejurface  of  the  earth  be  taken  in  arithmetical 
"irogreffitmy  the  denjities  of  the  air  at  thoje  altitudes  will 
'^  in  geometrical  frogrej/ion  decreajing.  - 
Thus,  for  inftanccj  if  at  a  certain  altitude  the  air 
:  half  as  denfe  as  it  is  immediately  on  the  furface 
'the  earth  s  then  at  twice  that  altitude,  the  air  will 
four  times  le($  denfb  than  upon  the  furface  of  the 
th ;  at  three  times  that  altitude^  it  will  be  eight 
es  Icfs  denfe  j  and  fo  forth, 
ilxperience,  afTiQed  by  calculation,   fhews  that 
le  diftance  of  feven  miles  from  the  furface  of  the 
1,  the  air  is  about  four  times  lefs  denfe  than  it  is 

<et  A,  B,  Ct  D,  &c.  be  aJeries  of  quantities,,  and  if 

uantities  be  proportional  to  their  own  differences,  we 

V:A  — B  ::  B:  B  — C  ::  C  :  C  — D,  &c. 

onverfely  (Eud.  Cor.  to  Prop.  19.  B.  v.)  A  :  B : : 

:C:D,  &c. 

<ij  clofe 
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clofc  CO  that  fur&ce  *.  Now  the  knowledge  of  this 
{a&,  will  enable  us  to  conftni£fc  a  taUe  of  denlitics 
(or  of  preflures)  of  the  atmofphere  at  all  alutudes 
from  the  furface  of  the  earth ;  which  may  be  done 
in  the  following  manner : 

Take  the  altitudes  in  arithmetical  progrefliony 
viz.  7  miles,  14,  11,  a8,  35,  &c.  Then  for  die 
denfities>  fay,  by  the  rule  of  three,  as  i  is  to  i,  fo 
is  i  to  a  fourth  proportional,,  which  is  ^,  and 
Ihew^s,  that  at  the  height  of  14  miles  the  denfity  of 
the  atmofphere  is  the  i6th  part  of  what  it  b  cloie  to 
the  furface  of  the  earth.  Again,  fay,  as  i  is  to  ^, 
fo  is  -^  to  a  fourth  proportional,  which  is  -^  and 
fhews,  that  at  the  diftance  of  21  miles  the  denfity 
of  the  atmofphere  is  the  64th  part  of  what  it  is  clofe 
to  the  furface,  &c.  Thus  you  have  the  denfities  (or 
the  prefTures  which  are  as  the  denfities)  of  the  a(« 
mofphere  at  the  undermentioned  diftances. 

Altitudes  Correfpondent 

in  miles,  denfities. 

7        —         —         i 


XT 


14  --  — 

28  .  --  — 

35  ***  "^        "i-oiT 

49  "*"  ■"      TrnrT 


56         ^  ~ 

&c.  .  &c. 
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TbeD»  in  order  to  find  the  denfities  correfpondenc 
to  the  iDtermediate  aldtiideS)  take  an  arithmetical 
mean  proportional  between  7  miles  and  14  miles, 
which  is  10 1  miles  ^s  alfo,  take  a  geometrical 
mean  proportional  between  the  denfities  of  the  air 
at  7,  and  at  14  miles,  viz.  between  i  and  t^,  which 
is  4- 1  >  ^^^  ^^^  ^^  ^^  denfity  of  the  air  at  the  aU 
titude  of  10  f  miles.  Again,  take  an  arithmetical 
mean  proportional  between  14  and  21  miles,  which 
is  17!  miles ;  alfo,  take  a  geometrical  mean  propor* 
ttonal  between  the  donfities  of  the  air  at  the  above- 
mentioned  two  altitudes,  viz.  between  tV  ^^^  -sV> 
which  is  iV>  and  it  exprefles  the  denfity  of  the  air 
at  the  height  of  17  |  miles.  After  the  fame  manner 
you  may  take  an  arithmetical  mean  proportional 
between  17  i  and  21  miles,  and  a  geometrical 
mean  proportional  between  the  denfities  at  thofe  al- 
titudes. In  (hort,  the  like  operation  may  be  per- 
formed with  any  two  altitudes,  and  their  correfpond- 
ent  denfities  -,  by  which  means  a  table  of  denfities. 


*  An  arithmetical  mean  proportional  between  two  num- 
bers is  found  by  taking  the  half  of  the  fum  of  the  two 
numbers.  Thus  the  fum  of  7' and  14  is  2i>  the  half  of 
which  is  10 -J. 

t  A  geometrical  mean  proportional  between  two  num- 
bers, is  found  by  extrading  the  fquare.root  of  the 
produA  of  the  two  numbers.  Thus  -f  multiplied  by  ^'^i 
gives  ^,  the  fquare  root  of  which  is  t }  and  i  is  the  geo- 
metrical mean  between  i  and  V* 

0^4  anfwering 
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anfwering  to  certain  altitudes^  may  be  conftrufted« 
This  laborious  operation^  however^  may  be  avoids 
ed ;  for  the  fame  thing  may  be  obouned  by  iifing  a 
table  of  logarithms,  which  logarithms  in  &&  are  a 
fet  of  numbers  in  arithmetical  progrefiion,  annexed 
CO  another  fet  of  numbers,  which  are  in  geometrical 
progreflion ;  fo  that  the  former  may  reprefent  the 
altitiKies,  whiUt  the  latter  reprefent  the  denfities 
of  the  atmofphere  correfpondent  with  thojc  alci« 
tudcs. 

The  principal  ule  of  fuch  «  table  is  for  meafiir* 

ing  perpendicular  altitudes  above  the  furface  of  the 

earth,  by  means  of  barometrical  obfervationsj  die 

principle  of  which  operation  we  (hall  endeavour  to 

'  explain. 

The  barometer,  as  has  been  fliewn  in  the  pre- 
ceding chapter,  (hews  the  aftual  preflure  of  the  at- 
mofphere, or  the  dcnfity  of  the  air  at  the  place 
where  it  is  fituated;  therefore  the  altitude  of  the 
mercury  in  a  barometer,  placed  at  the  top  of  a 
mountain,  will  not  be  fo  great  as  the  altitude  of  the 
mercury  in  a  barometer  placed  on  the  fea  fliorc. 
Now  ihofe  altitudes  of  the  mercury  being  as  the 
denfities,  and  the  denfity  at  the  furface  of  the  earth, 
or  on  the  fea  Ihore,  being  called  one  in  the  table,  we 
fay,  as  the  barometrical  altitude  at  the  furface  is  to 
the  barometrical  altjtude  on  the  mountain,  fo  is  one 
to  the  dcnfity  of  the  air  at  the  top  of  the  nrtountain ; 
and  finding  the  denfity  thus  obtained  in  the  table, 
we  have  againfl:  it  the  correfpondent  altitude,  or 

the 
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•  > 

the  perpendicular  diftance  between  the  fituationa  of 
the  two.  barometers. 

So  far'  the  operation  would  be  eafy  and  ufe&l, 
provided  its  relulcs  were  attended  with  fufficient 
accuracy;  but  the  other  above-mentioned  caufes, 
which  afieft  the  denficy  of  the  atmofphcrc,  render 
A  variety  of  corrections  neccflary  for  the  attainment 
of  a  ufeful  degree  of  accuracy  in  fuch  meafure- 
ments.  The  difficulty  of  inveftigaung  the  peculiar 
effects  of  thofe  caufes,  as  alfo  of  compenfating  for 
their  effe&s,  involve  the  operation  in  a  good  deal 
of  difficulty^  on  which  account  we  fhall  give  a  full 
examination  of  this  fubjedt  in  the  note  (iO>  ^nd 

fhaU 

(l.)  The  mechanical  properties  of  th6  atmofphcre  are 
analogous  to  the  properties  of  a  particular  fpecies  of  curve 
lines,  called  logarithmic  curves ;  hence  the  knowledge  of  the 
properties  of  the  btter  is  of  confiderable  affiftance  in  eluci* 
dating  the  properties  of  the  former.  But  the  nature  of 
logarithmic  curves  is'probs^ly  not  fufficiently  underftood 
by  the  greateff  number  of  my  readers  :  I  (hall,  thereforei 
briefly  fubjoin  fuch  of  their  properties  as  may  fuffice  to  illuf- 
trate  the  dodrine  of  the  atmofphere. 

Of  the  Logarithmic  Curves. 

Definitions.  Upon  an  indefihite  right-line  AEjfig.  7,  Plate 
XIII.  make  the  intervals  AB,  BC,  CD,  &c.  equal  to  one 
another;  or  (which  is  the  fiune  thing)  make  the  diftances 
AB,  AC,  AD,  &c.  in  arithmetical  progreffion.  From  the 
points  A,  B,  C,  D,  E^  &c.  draw  the  lines  AF,  BO,  CH,  DI, 


ff- 


234  Of  the  Denfity  and  Altitude 

£ball  here  proceed  to  give  a  ihort  idea  of  the  inflth 

ence  of  the  above-mentioned  caufes  on  the  den&- 

ties  of  the  atmofphere^  at  different  altitudes  and 

di/Terent  times.  . 

In 


&c.  .parallel  to  each  other,  and  in  geometrical  progreffion ; 
viz.  making  A  F  to  B  G,  as  BG  to  CH,  as^  CH  lo  DIj 
and  fo  on.  Then  a  curve  line  F  G  H I K,  drawn  through 
the  extremities  of  thofe  parallel  lines>  is  called  a  logafitbwu 
curve.  The  indefinite  right-line  A  £  is  its  axisy  which 
will  be  fhewn  to  be  an  afymptote  to  the  curve,  viz.  it  will 
never  meet  the  curve ;  and  the  lines  AF,  BG,  CH>Ol,  &c« 
are  the  ordinates. 

Since  the  ordinates  may  be  taken  in  any  geometrical  pro- 
portion, it  is  evident  that  there  is  an  infinite  variety  of  lo- 
garithmic curves. 

Propofition  L  The  axis  A£  is  an  afymptote  to  th 
logarithmic  curve. 

Since  the  ordinates  are  in  gepmetrical  progreffion,  HC  if 
fuchaparc  of  DI,  as  BG  is  of  H  C,  as  A  F  is  of  BG,  as 
the  next  ordinate  is  of  AF,  and  fo  on  without  end ;  there- 
fore no  ordinate  can  ever  be  equal  to  0 ;  forthat  o  would  be 
no  part  of  the  preceding  ordinate*;  hence  the  axis  and  dK 
curve  can  never  meet;  though  when  produced  towards 
the  (horter  ordinates,  they  come  continually  nearer  to  eadi 
other. 

Prop.  11.  If  a  tangent  and  an  ordinate  be  drawn  from  an) 
point  in  a  logarithmic  curve  \  the  fubtangentj  or  part  of  the 
axisy  which  is  contained  between  the  interfeSions  of  the  or£' 
nate  and  the  tangenty  is  a  conflant  or  invariable  quantity. 

Take  E  and  F,  any  two  points  in  the  curve,  fig.  8| 
I  Plate 
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the  preceding  invefttgation  of  the  decreafing 
If  of  the  atmofphere,  the  force  of  gravity  has 
bppofed  to  aft  uniformly ;  whereas,  in  truths 
brce  decreafes  according  as  the  fquares  of 

the 

SIIII.  indefinitely  near  to  each  other,  and  through  each 
I  diaw  a  tangent  and  an  ordinate  to  the  curve;  TE, 
ing  the  tangents,  and  BE,  CF,  the  ordinates«  Draw 
:  ordinate  D  G,  as  diftant  ftom  CF  as  CF  is  from 
]d  through  £  and  F  draw  £  »,  Fr,  both  parallel  to 

8. 

e  the  diftances  B  C,  C  D,  are  equal,  we  have,  from 
bition  of  the  curve,  DG  :  FC  : :  F  C  :  BE;  by 
ijDG~FC:EC::FC— BE;BE;:Gr: 
:F»:BE. 

evident  from  the  parallelifm  of  the  lines  F  r,  E  ji, 
as  alfo  of  the  lines  D  G,  C  F,  B  £,  that  the  trian- 
Gr,  FVC,  are  fimilar,  and  fq  likewife  are  thetrian- 
E  jf,  feT  B  ;  hence  G  r  :  F  C  : :  F  r  :  V  C;  alfo 
:B:  :Eif:BT::Gr:FC;  :Fr:VC.  But 
equal  to  F  r ;  therefore  the  (iibtangeat  B  T  muft  be 

0  die  fubtangent  C  V.  .       .  * 
he  (ame  mode  of  reafoning  it  may  be  proved  that  ^T 

1  to  any  other  fubtangent  of  the  fame  curve ;  or  that 
itangent  is  an  invariable  quantity* 

Logarithmic  curves,  that  have  equal  fubtangents^ 
lal. 

)•  in.  If  four  ordinates  to  a  logarithmic  curve  be  in 
m  ratioj  viz.  the  firft  be  to  the  fecond  as  the  third  to 
rth ;  and  if  through  the  extremities  ofthefirfi  and  third 
t  be  drawnj  and  another  fecant  be  drawn  through  the 
Uies  rf  the  fecond  and  fourth  j  then  the  partofthf  axis 

which 
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the  diftances  from  the  centre  of  the  earth  increafe 
(p.  61.  Part  L)>  fo  that  the  particles  of  air  which  are 
at  a  diftance  from  the  earth  gravitate  lefs  than  diofe 
which  are  nearer  to  it ;  hence,  on  this  account,  the 

denfity 


which  is  contained  between  the  iriterfeSiions  of  the  firjt  fececnX 
and  thefirji  ordinate^  will  he  equal  to  that  part  of  thefeam 
axis  whifh  is  contained  between  the  interfeSiom  of  thefecwi 
fecant  and  the  fecond  ordinate* 

Thus,  in  fig.  9,  Plate  XIII.  if  A  F  :  D I : :  BG  :  E  K, 
in  which  cafe,  from  the  nature  of  the  curve,  AD=:B£,and 
AB=J)E;  and  if  the  fecante'GFT,  KIV,  bedrawoi 
then  TA  will  be  equal  to  V  D, 

Through'F  and  I  draw  FS,  and  I L,  parallel  to  the  aiist 
Then  fince  A  F  :  D I : :  B  G  :  E  K,  wc  have  by  altcnu- 
tion  AF:BG:;DI;EK;  inverfcly,  BG  :  AF:; 
EK:Dl5  and,  by  divifion,  BG  — AF  (=GS):AF 
::EK--DI  (=LK)  :  DI;  inverfdy,  AF  ;  GS 
:  :  DI  :  L  K.  But  the  triangles  DI V,  LKI,  arc  fimilar, 
and  fo  likcwife  are  the  triangles  AFT,  F  G  S ;  tberefim 
TA:FS::AF:GS::  (from  the  above  analogy)  DI 
:  L  K  :  :  V  D  :  I  L.  Then  fince  in  the  analogy  TA  :  11 
: :  V  D  :  I L,  the  fecond  and  fourth  terms  are  equal,  vir. 
FSrrIL,  or  AB=DE;  the  other  twp  tern^s  muft  likewift 
be  equal,  viz.  TA=:  V  D. 

Prop.  IV.    The  fpace^  which  is  circumfcribed  by  any  tW9 
.  ordinateSy  andfuch  parts  of  the  curve  and  of  the  axis  as  lit 
between  thofe  ordinates,  is  equal  to, the  reliangle  ofthefubtrnt* 
gent  and  the  difference  of  the  ordinates. 

Thus,  fig.  10,  Plate  XIII.  the  fpace  GBEL  is  equal 
to  TE  X  SL  i  TL  being  thetangent  at  the  point  L. 

Imagifl? 
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mfity  of  the  atmofphere  ,at  ^  given  altitude'  mufl: 
I  leis  than  if  the  force  of  gravity  aded  uniformly. 

etj  fince  the  altitudes  of  the  higheft  mountains 

» 

ake  a  trifling  addition  to  the  radius  of  the  earthy 

the 


Imagine  D  I  to  be  drawn  infinitely  near  and  parallel  to 
L  \  and  I  r  to  be  drawn  through  the  interfedion  I,  pa- 
id to  the  axis.^ 

From  the  fimilarity  of  the  triangles  LI r,  LTE,  we 
ve  EL:ET::Lr:Ir;  hence  ETxLr  =  ELx 
*  =r  the  area  D  £  I  r  =  (rmce,  when  I D  is  infinitely  near 
£  L)  the  triangle  L I  r  vaniihes)  DELI.  And  the 
ne- thing  may  be  faid  of  any  other  point  very  near  I,  and 

another  next  to  that,  &c.  Therefore  (the  fubtangent 
X  being  an  invariable  quantity)  the  fum  of  all  the  fmall 
ices,  fuch  as  D£  L  I>  between  L  E  and  B  G;  or  the 
ice  B  E  L  G,  is  equal  to  E  T  x  L  S  (L  S  being  the  fum 
•all  the  differences  L  r). 

CtroUary  i*  The  whole  area,  which  is  contained  be- 
'een  any  ordinate  LE,  the  curve,  the  axis,  and  infinitely 
tended  tpwards  F-A,  is  equal  to  the  rectangle  of  that  or* 
oate  and  the  fubtangent,  viz.  to  LE  xTE ;  fince  when 
e  area  is  infinitely  extended  towards  A  F,  the  lafl  ordinate 
iniflies,  viz.  £L  becomes  equal  to  the  difference  of  EL 
id  the  laft  ordinate. 

Cor.  2.  The  fpaces,  which  begin  at  different  ordinates, 
ad  are .  thus  infinitely  extended,  are  as  the  ordinates  from 
rt)ich  they  begin  to  be.  reckoned. 

Car.  3*   The  fpace  which  lies  between  any  two  ordinates, 

( to  the  fpace  which  lies  between  any  other  two  ordinates, 

(the  difference  of  the  firil  two  ordinates  is  to  th^  difference 

f  the  two  others. 

Prop 


I 
I 
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the  diminution  of  the  gravitating  force  will  have  flo 
ienfible  influence  in  our  meafurements  of  altitudes 
bjr  means  of  the  barometer*  .  Thole  perfbns,  how-* 
ever,  who  wifh  not  to  negleft  that  circumftancei 

either 


Prop.  V.  ^hi  dijiancesj  or  parts  §f  the  axisj  wbUb  lit 
hefwiiti  two  tqual  ordinates  in  two^  or  morij  diffinnt  Ug€* 
rithmc  curves^  are  as  the  fubtangents  of  thojt  curves  rt^ 
Jptinively.     . 

ThuS)  if  in  the  two  logarithmic  curves^  FIG9  QKS^ 
F  A  be  equal  to  P  Q^  and  B  G  be  equal  to  H  S }  then  it 
Will  be  AB:TB::PH:  VH;  TO  and  VS  being 
the  tangents.  ^  ' 

Draw  two  ordinates  indefinitely  near  to  G-B  and  HS^ 
and  draw  I  n,  K  r,  parallel  to  the  axes ;  then  itnce  AF,  LI9 
B  G,  arc  refpeftively  equal  to  P  CL,  N  K,  H  S,  it  will  bf 
(from  the  definition  of  the  curve)  A  B  :  LB  (or  In]  :: 
PH:NH  (or  Kr)i  and' alternately  A  B  :  PH  ::  I«  3 
Kr. 

From  the  fimilarity  of  the  triangles  B  G  T)  G I  if,  and 
HSV,  SKr,  wehaveBTiIn  :  :  BG:iiG::HSj 
rS  :  !  H  V  :  r  K  i  whence  alternately  B  T  :  H  V  : :  I«: 
Kr::  AB:PH5  and  im^erfely,  AB  :  BT-::  PHJ 
HV. 

ScboUunu   A  table  of  logarithms  is  nothing  more  thaas . 

leries  of  numbers  in  arithmetical  progreffion^  annexed  t0 

another  feries   of  numbers   that  are  in  geometrical  pnn 

greiTion.     Therefore,  if  the  lengths  of  the  abfciflas  AB| 

A  C,  A  D,  &c.  of  a  logarithmic  curve,  fig.  7,  Plate  XIIL 

ahd  the  lengths  of  the  correfponding  ordinates  A  F,  B  Gf 

C  H,  &c.  be  exprefled  in  numbers  j  the  former  wiU  be  Ae- 

logarithms  of  the  latter. 

Since) 


*  ^  the  Jbmojfbirei  &c.  ijj^ 

m  fuch  meafuremehtSj  or  in  the  in^eftigation 
rt  properties  of  the  atmofphere>  will  find  the 
irjr  explanations  in  the  note  below. 
It  increafes^  and>  on  the  contrary,  cold,  or  a 

diminution 


t  the  ratio  of  the  ordinates  as  well  as  the  lengths  of 
(ciflas*  may  be  various;  it  follows  that  different 
imic  curves  will  reprefent  different  (yftems  of  lo« 

IS. 

le  curve  which  exprefles  the  common  table  of  Ioga<*> 
caSed  Briggs's  logarithms^  the  lengths  of  the  ordi- 
nrc^.  I  :  10  :  loo  :  looo,  &c.  or  their  ratio  is  lo, 
die  abfciflas,  or  the  logarithms,  are  i,  2,  3, 4,  &c. ; 
fubtangent  (otherwife  called  the  module  oftbatfyftem 
itbms)  is  equal  to  0,43429448. 
evid^ot  that  every  ordinate  is  a  geometrical  mean '. 
ional  between  any  two  other  ordinates  equidiftant 
;  whilft  its  correfpondent  abfeifia  is  an  arithmetical 
roportional  between  the  abfciffas  tq  the  other  two 
!S.  Thus  C  H,  in  fig.  7,  is  a  geometrical  mean 
n  B  G)  and  D  I  >  and  AC  is  an  arithmeticatmean 
1  A  B  and  A  D.  Hence,  for  inftance,  if  we  divide 
two  equal  parts  in  f ,  and  find  a  mean  geometrically 
ional  between  A  F  and  B  G,  that  mean  will  be  the 
of  the  ordinate  so;  and  A  j  is  its  logarithm.— -•Thus 
f  find  as  many  ordinates  and  their  logarithms  as  we 

lows  from  Prop.  V.  that  in  different  fyftems  of  la* 
IS,  the  diftances  between  equal  ordinates,  or  the 
ms  of  equal  numbers,  are  proportional  to  the  fub« 
B,  or  modules,  of  their  refpe£iivc  fyftems*     Thus, 

if 
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diminution  of  heat>  contra£b,  the  bulk  of  air.  ^  Buf 
this  expanfion  and  contra£bion  are  not  regular^  viz. 
they  are  not  exadlly  proportional  to  the  degrees  of 
heat.  Belides  this,  the  rate  of  expanfion^  by  the 
fame  degrees  of  hear^  differs  according  as  the  air  is 
more  or  lefs  denfe  ^  alfo  according  as  it  is  more  or 

leis 


if  in  one  iyftem  the  module  be  M,  and  the  logarithm  oft 
given  number  be  L ;  whilft  in  another  iyftem  the  module 
be  my  and  the  logarithm  of  the  fame  number  be  /;  Chen  it 
will  be  M  :  L  : :  m  :  /;  hence  M/3:  Lot;  viz.  the  pro-' 
du£t  of  the  logarithm  of  a  given  number  in  cxne  fyftem/ 
multiplied  by  the  module  of  another  fyftem,  is^ual  to  die 
produ£l  of  the  Ic^arithm  of  the  fame  number  in  that  oAcr 
fyftem,  multiplied  by  the  module  of  the  firft  fyftem. 

If  the  module  of  one  fyftem  be  reprefented  by  unity  }  tbeo 
I :  L : ;  /7i :  /  i  in  which  cafe  hm:=:  L 

Of  the  Atmosphere. 

Thus  much  will  fuffice  with  refpe£l  to  the  properties  of 
the  logarithmic  curves ;  we  muft  now  proceed  to  explaiof 
by  means  of  thofe  properties,  the  conftitution  of  the  st^ 
mofphere,  and  the  method  of  determining  altitudes  fixxa 
barometrical  obfervations. 

It  has  been  already  fhewn,  that  the  denfities  of  Ae  air  it  ] 
different  diftances  from  the  earth  are  in  geometrical  pro- 
greffion  decreafing,  whilft  tlie  altitudes  are  in  an  increafiog 
arithmetical  progrcflion ;  it  is  therefore  evideilt,  that  if  on 
a ftraight line  AM,  fig.  12,  Plate  XIII.  the  diftances  AB| 
A  C,  A  D,  &c.  reprefent  the  altitudes,  and  the  ftraight  lines 
A  O,  B  F,  C  H,  D  I,  &C4  drawn  perpendicular  to  A  My^ 

reprefent 
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fcfs  charged  with  moifturc.  —  The  late  General 
Roy,  F.R.S.  made  a  great  variety  of  accurate  ex- 
periments relative  to  this  expanfiftn  of  air  ;  but  the 
■cliilcs  of  his  experiments  will  be  ftated  in  another 
i«rt  of  thefc  elements. 
ta^  The 


tprcfent,  or  be  made  proportional  to,  the  denfities  of  the 

itmofphere   at  thofe  altitudes ;   then  a  curve  line  O  1  N, 

Ir^wn  along  the  ends  O,  H,  I,  &:c.  of  thofe  lines,  will  be  a 

ogarithmic  curve,  and  may  be  called  the  atmofphcrual  leja- 

ithtnii  i  A  M  being  its  axis,  and  A  O,  B  F,  C  H,  &c.  its 

>rdinates.     The  area  which  lies  between  the  firft  ordinato, 

VO,  the  curve,and  the  axis,  and  is  infinitely  extended  towarib' 

A  N,  may  be  confidered  as  being  equal  to  an  infinite  num- 

cr  of  ordinateS)  fituated  extremely  near  to  each  other ;  but 

bofe  ordinates  rcprefent  the  quantities  of  air  at  their  refpcc- 

jire  (ituations;  therefore  the  abovementlaned  area  wiil  rc- 

■'■^11  the  whole  quantity  of  air  in  the  atmofpherc,     Alfo 

area,  or  part  of  the  abovementioned  area,  from  any  one 

thofe  ofdinates  upwards,  will  reprefent  the  whole  quan- 

\  of  aimofpheric  air,  which  exifts  beyond  that  altitude. 

rhis  however  would  be  the  cafe  if  the  force  of  gravity 

led  uniformly  at  all  diJlances  from  the  earth,  which  is  not 

e.     Therefore  wc  muft  now  examine  the  real  diminution 

'deniity  in  the  atnofpherc  on  the  true  hypothvifis,  viz.  of  . 

(  gravity's  dccrcafing  according  as  thefquarcs  of  the  dif»  j 

a  increafe ;  in  confequence  of  which  the  denfity  of  the<  ■ 

cat  any  given  altitude  miiit  be  greater  than  it  would  be  \t 

;  force  of  gravity  afled  uniformly,  in  ordet  that  a  given 

e  of  prcH'ure  may  be  produced  upon  the  furface  of  the 


Let 
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The  influence  of  the  {uti,  and  principally  of  t!ic! 
moon,  upon  the  wafers  of  the  ocean>  is  too  evident 
CO,  need  any  particular  examination^  .  And  it  is  evi- 
dent from  the  laws  of  umverfal  attra(fbion>  that  thofe 

celcftial 


Let  PAZ,  fig.  1 3.  Plate  XIII.  reprefent  the  circumfereDce 
•  of  the  earth,  -S  its  centre,  m  SM  an  indefinite  right  line  paffing 
through  the  centre  S,  and  interfe£ling  die  circumference  at  A« 
Let  the  altitudes  S  A,  SB,  SC,  SD,  differ  indefinitely  little 
from  each  other  ;  but  let  them  be  in  harmonicsd  pro* 
greOian.  Alfo  let  the  ordinates  A  O^  B  Fy  C  G>,  D  Hy  be 
proportional  to  the  denfities  of  the  atmofphete  at  A,  the 
furface  of  the  earth,  and  at  the  altitudes  BrC^D  ;  but  upoa> 
the  fuppofition  that  the  force  of  gravity  a^  imifonnlj; 
Then  the  curve  O  F  G  H  N,  drawn  along  the  extremiticf 
of  thofe  ordinates,  ^,  is  (from  what  has  been  iaid  above) » 
logarithmic  curve. 

Now  take  S  ^,  a  third  proportional  to  S  B  ai^  S  A ;  tab 
S  r  a  third  proportional  to  S  C  and  S  A  ;  alfo  take  S  i  a  tbiri 
proportional  to  S  D  and  S  A  s  viz.  let  it  be 

SB:SA::SA:S* 

SC:SA::SA:Sf 

SD:SA::SA:Si 

Then  S  A,  S  /",  S  r,  S  <^  being  the  reciprocals  of  S  Arj 

SB,  S  C>  S  D  ;  (for  they  decreafe  according  as  S  A,  SBi^j 

SC,   SD,  increafe)  mull  be  in  arithmetical  progreffioi;] 

it  being  well  known  that  the  reciprocals  of  quantities  chat 

harmoiiicaliy  proportional,  are  in  arithmetical  progreffiM^j 

See  Maicolm's  Arithmetic,  B.  IV.  chap.  6. 

.  Through  the  points  A,  ^,  r,  </,  draw  AO,  b/y  cg^i^ 

perpendicular  to  the  axis  A  w,  and  make  them  proDorti 


^  \ 


oftheAtmffphere^tic.  i+j^ 

cele(HaI  bodies  muft  a£b  upon  the  atrtiofphcre  in  a 
Cmilar  manner ;  that  is,  they  muft  occaGon  a  flux 
and  reflux .  of  the  atmofpherej  as  well  as^  of  the 
bccan;     Biic  the  atmofpherical  air  being  a  fluid 

much 


to  the  rrtf/ denfities  of  the  air  at  A,  B,  Cj  D,  refpecSivcly^ 
Through  the  poinb  O,  y,  ^,  A,  &c.  draw  the  curve 
Ofg  bj  &c.  which  will  prelently  be  (hewn  to  be  a  logarich-^ 
cnic  curve. 

From  the  abovemehtioncd  analogies,  we  have  SD  x  SJzz ' 
5A>*  =  SC  X  Sc;  hence  S^  :S^:  :  SD  :  SC.  Con- 
^erfcly  Sf  iSf  —  Si  (^cd)  :  :  SD  :SD  — SC  (  = 
2D0  vi«.  cd :,CD  :  :  Sr  :  SD.  Or,,  becaufe  GD 
s  indefinitely  fmall,  S  C  will  be  Ultimately  equal  to  S  D  : 
lence,  by  fubftitution,  the  laft  mentioned  analogy  becomes 
^:  CD::  Sf:SC  ::  Sf  xSCrSC  X  SC::SA)* 

;  S  Ci*.  Therefore  c  dzzDC  x  ===y  ;  and.  by  equal 
multiplication,   it    will    be    cd  x  eg  zi  CD  x  eg  X 


JC' 


Now  C  D  expreites  the  bulk  of  the  ftratum  C  D  G  H 
(for  as  CD  is  very  fmall,  the  air  may,  without  any  fenfible 
^rror,  be  fuppofed  to  be  uniformly. denfe  throughout  the 
ftntum  CDGH:)i  cgy  by  conftraSion,  cxprclFes  the 

real  denflty  of  the  fame  firatum,    arid   — ^*  expreiles  ' 

Ae  gravit^on  of  each  particle ;   for  fince  the  force  of  gra- 
'^  is  inverfely  as  the  fquares  of  tl)e  'diftances,  if  the  gravity 

igtdie  fur&ce  A  be  called  unity,  we  have  SC  I* :  SA]*  : :  i  : 
>^  =  the  gravity  ate.        ^^  ^^^ 
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much  more  variable  than  water>  the  aftton  of  ttie 
fun  and  moon  upon  it  becomes  much  leis  apparent 
to  viSy  fince  they  mud:  frequently  concur  with^  or 
be  countcraded  by,  the  much  more  powerful  efitds 

of 


But  the  weight)  or  prefTurei  of  any  ftratilm  is  as  its  bulk, 
as  its  denfity^  and  as  its  gravity. conjointly s  therefore  CD  X^; 

; ,  or  its  equal  cJxcg,  expreucs  the  prenure  of 


.    "SO 

die  ftratum  CDG  H.  And  the  fiinae  reaibning  may  be 
adapted  to  any  oth^r  fucceeding  ftratum.  But  the  fum  of  all 
fuch  ftrata  as  cdhg  (or  cdxcg)  from  eg  downwardsy 
forms  the  area  cmng  below  c g ;  therefore  the  whde  pfef- 
fure  upon  C,  arifing  from  the  gravitation^  or  preflure,  of  all 
the  air  above  it>  is  as  the  area  cmng.  But  the  denfitjr; 
of  the  air  is  as  the  preflure ;  therefore  any  area  as  cm»/ 
below  any  ordinate)  2S  cgy  is  proportional  to  that  ordinate* 
Now  this  is  a  charaSeriftic  property  of  the  logai^ithnic 
curves ;  "therefore  it  (hews  that  the  curve  Ofgbn  is  a  lo- 
garithmic curve.     See  Cor.  2.  to  Prop.  IV.  in  page  237. 

Farther  it  appears,  that  this  curve  is  exadly  equal  to  tbe 
curve  O  F  G  H  N ;  for  if  B  come  continually  near  to  A, 
and  ultimately  coincide  with  it,  the  ultimate  ratio  of  A  B  t» 
A  ^,  and  of  B  F  to  */,  muft  be  that  of  equality.  .  Then 
the  tangents  O  F  K,  Ofky  form  equal  angles  with  the  cr- 
dinatc  AO5  confequently  the  fubtangents  AK,  Ai,  «• 
equal,  and  the  curves  OFGHN,  Ofg  b  «/  are  alfo  cquA 
See  Cor.  to  Prop.  IL  in  page  235. 

The  diftanccs    S^,  Sr,   SJ^   are  in  arithmetical  pio- 
greifion,  and  fo  are  the  diftances  A  £,  A  ^,  hd^  becauie 
latter  are  refpeaively  equal  to  SA  —  S  ^1  SA— '  S  0  S 
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leat  and  cold>  ofdrynefs  and  moifturej  of  winds, 

(Sec  the  Abbe  Mann's  Diffcrt.  on  the  Flux 

Reflux  of  the  Acmofphcre,  in  the  fourth  vol.  of 

Tranf.  of  the  Ac.  of  Sc.  at  Bruflcls,  or  in  the 

Phil. 


Then  fince  Ofg  A«  is  a  logarithmic  curve,  and  the 
[flTsB  Kb^  hc^  A^y  are  in  arithmetical  progre/Eon;  the 
nates  hf^  cg^  dh^  mud  be  in  geometrical  progre£on. 
the(e  ordinates  reprefept  tlie  real  denfities  of  the  air  at 
^  D  »  therefore  the  denfities  of  the  air  at  B,  C.  D»  are 
eometrical  progreiSon,  on  the  true  hypothecs  of  the  de« 
k  of  gravity  in  proportion  to  the  fquares  of  the  drftances 
I  the  centre  of  the  earth. 

pon  the  whole  then  it  appears  that  the  difference  be* 
m,  the  two  hypothefes,  viz.  of  an  uniform,  and  of  a  de« 
ing  gravity,  is,  that  the  ordinates  bf^  cgj  dhj  &c.  which 
e(ent  the- denfities  of  the  air  at  the  places  B,C,D,  re- 
tively,  are  a  little  longer  than  the  correfponding  ordi- 
s  BF,  C  G,  DH.  And  they  are  longer,  bccaufc  the 
iflas  Abf  Aiy  Adf  are  (hotter  than  the  correfponding 
iflas  A  B,  AC,'  AD;  recollecting  that  the  curves 
'  G  N,  and  Ofg  fij  have  been  demondrated  to  be 
d.  So  th:\t  if  the  denftty  of  the  air,  or  the  prefTure  of 
atmofphere,  at  a  certain  point,  for  inftancc,  D,  is  to  be 
ulated  on  the  fuppofition  of  an  uniform  gravity,  we  mufl 
rmine  the  value  of  the  ordinate  DH ;  but  upon  the  true 
it  J  of  a  decreafmg  gravity,  we  mud  determine  the  value 
le  ordinate  dh.-^The  method  of  calculating  thofe  ordi* 
s  is  as  follows* 

*hc  logarithmic  area  A  O  N  M  is  equal  to  the  reSanglc 
X  AK  (Prop,  IV.^in  page  2361  and  its  Corollaries]  the 
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Phil.  Magazine,  vol.  V.)  Hence  the  aftion  of  the 
fun,  and  principally  of  the  moon,  upon  the  at- 
mofphere,  has  been  long  furmifed;  .but  it  is  only 
of ^  late  years  that  it  has  been  in  fome  mcafure 

obferved, 
..— .       Ill       ■  11  ■  ■■  I  III    II     ■■     ■ » ■ 

area  B  F  N  M  is  equal  to  BF  x  AK ;  the  area  C  G  N  M 
is  equal  to  C  G  X  A  K,  &c.  Therefore  the  prelTure  at  the 
furface,  which  is  proportionate  to  the  area  AONM,  is.  equal 
to  AO  X  AK.  But  if  the  air  were  of  a  uniform  denfity,  equal 
to  its  denflty  at  the  fur&ce  Aj  and  did  not  rea9h  higher  than 
K,  its  whole  quantity  v^ould  be  exprcfled  by  A  O  x  A  K ; 
therefore  the  whole  quantity  of  air  A  O  N  M,  gradually  de-i 
creafing  in  denfity,  is  equal  to  an  homogeneous  atmofphere 
of  the  deniity  A  O,  and  altitude  A  K.  - 

Farther,  the  quantity  of  air  B  F  N  M  is  to  the  quahdty 
A.ONM,  (or  to  A  O  X  A  K)  as  B  F  is  to  AO.  Alfo  the 
quantity  ■  of  air  CGNM,  is  to  the  quantity.  A 01^ M, 
(or  to  A  O  X  A  K)  as  C  G.  is  to  A  O  s  and  fo  forth. 

Now  let  fig.  14.  Plate  XIIL  reprefent  the  logarithmic 
purvp  of  the  common  table  of  logarithms,  where  the  fubtan* 
gent,  or  module  A  E,  is  equal  to  0,43429 ;  let  AT  be  equal 
to  AO,  (fee  both  figures)  and  DH  to  RY  j  then  we  have 
(by  Prop.  y.  in  page  238.)*  AE  :  A  K  : :  A  R  :  AD. 
Alfo,  if  VQ^bc  c(}uai  to  B  F,  we  have  AE  :  AK  : :  VR ; 
BD. 

Thofe  two  analogies  are  of  great  praSical  ufe,  viz.  fcr 
finding  out  the  prcflures  or  the  denfities  of  the  atmofpbere, 
when  the  altitudes  are  given  ;  and,  on  the  other  hand,  for 
finding  the  altituces,  or  the  difference  between  two  altitudcS| 
when  the  denfities  at  thofe  altitudes  are  known. 

The  preflures  of  the  atmofphcre  at  different  heights,  or 
J})c  values  of  the  ordinates  AO,  BF,  CG,  DH,  &c-1 

arj 


^hfcrve4»  and  renctered  feafible  by  means  of  very 
luxufacc  and  long  continued  barometrical  obferva*" 
(ionsi  Ibr  it.may  be  perceived  only  by  taking  a  riiean 
of  the  obTiSf  vaUons  of  many  years. 

TcJldo 


^F^^ 


are  fliewn  by  theaJtitudes  of  the  mercury  in  the  barometer, 
(ivhicb  are  the  oounterpoiies  to  thofe  prelTures)  placed  ac 
the  corre(poiiding  fituations  A,  B,  C,  D>  &c.  fhti  parts 
A  U,  A  Rf  U  R,  are  to  be  foutid  in  the  common  tabl;:  of 
logarithmfi ;  AE  is,  equal  to  0,4.3429 ;  and  A  IC  has  bc^n 
afcentai^edy  by  the  following  means,  to  be  equal  to  26^5 
feet,  or  five  miles  aeai  Jy.  '  ^ 

When  die  thermometer  ftands  at  32^  and  the  b-irometer 
ilands  at  30  inches,  the  fpccific  gravity  of  air  may  be  reck- 
oned equal  Xx^  0,0013066208,  and  the  fpecific  gravity  of 
qiiickfilveF  equal  to  I3>6i9.    Therefore  0,0013666208  : 
13,619:  :  r  :  10423,07  ==  the  fpecific  gravity  of  quick* 
filver,  w(>eii  that  of  air  is  called  one^  viz.  in  the  above« 
oo^ndoHod    circumftances    quickriiver    weighs    10423,07 
times  as  much  as  air :  whence  it  follows  that  a  perpendicular 
pillar  of  quickfilver  of  30  inches  in  the  barometer,  is  a 
ppunterpoife  to  a  perpendicular  pillar  of  the  atmofphere  of 
die  £une  diameter,  reaching  from  the  furfav:e  of  the  earth  to 
the  utmoil  limit  M  of  the  atmofphere,  or  to  a  perpendicular 
^br  of  air  of  an  uniform  dendty  (viz.  of  the  denfity  at  the 
fur&ce  A,  fuch  as  is  indicated  by  the^ordinate  AO),  but  of 
30times  10423,07  inches,  viz.  of 312692,1  inches.  There- 
fore AK,  which  is  the  fubtangent,  or  the  module  of  the  at* 
mofpherical  logarithmic,  is  equal  to  312692,1  inche',  or 
a6o57,675  feet,  or  8685,891  yards,  or  4342,945  fathoms^ 
pr  5  miles,  minus  342,325  feet. 

R4  The 
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Toaldo  the  learned  aftronomer  of  Padua,  after  a 
vaHety  of  obfervacions  made  ia  the  courie  of  federal 
years^  found  reafon  to  afTert*  that  ^aieris  paribus^  at 
the  time  of  the  moon's  apogeumj^  the  mercuiy  in 

the 


m 


The  praSical  application  of  the  abovementioned  aiudo> 
gies,  to  the  methpd  of.  meafuring  altitudes  hy  means  of 
barometrical  obfervations,  will  be  iiluftrated  by  one  or  two 
examples. 

Exampli  I.  Suppofe  that  the  ihercury  in  the  barometer  at 
A,  iig.  1 3.  viz.  on  the  furface  of  the  earth,  ftands  at  30  indieii 
.  at  the  fame  time  that  the  mercury  of  a  fimilar  barometer 
fituated  on  the  top  of  a  mountain  at  D,  ftands  at  29,34 
inches.  It  is  required  to  deduce  the  altitude  A  D  from  tfaofe 
obfervations. 

In  the  'firft  place  it  muft  be  recolleded,  that  ^e  iame  preC; 
fure  of  the  atmofphere,  which  caufes  a  certain  denfity  of  the 
air  at  any  place  A,  or  D,  keeps  up  the  miercury  in  the  tube 
,  of  the  baromer ;  therefore  the  altitudes  of  the  niercury  in  the 
barometers  fituated  at  different  altitudes  above  the  furfiice  of 
die  earth,  are  proportioinal  to  the  denfities  of  the  air,  or  to  the 
ordinates  of  the  atmofpherical  logarithmic  at  thoie  refpe£ti?e 
altitudes.  So  that  in  the  prefent  inftance,  30  inches  perpca-. 
dicular  altitude  of  mercury  reprefents  the  ordinate  AO,  and 
29,34  inches  perpendicular  altitude  of  mercury  reprehend  1 
the  ordinate  D  H.  J 

Mow  in  the  logarithmic  curve  of  the  common  tabular  lo»  \ 
garithms,  fig.  14,  Plate  XIII.  AT  and  RY  are  re-  j 
rpecli veiy  equal  to  AO  ^nd  D  H  of  the  atmolpherical  | 
logaithmic,  fig.  13,  Plate  XIII.  ;  therefore,  taking  from  •  j 
the  common  logarithmic  tables^  the  loearitltqi  of  ^Oi  whirl) 
3  is 


I      • 

the  barometer  rifes  the  0,015  t)f  an  inch  higher 
than  at  the  pcrigeum ;  that  at  the  time  of  the  qua^ 
drarureS)  the  mercury  ftands  0,008  of  an  inch  higher 
than  at  the  time  of  the  fyziges ;  and  thac  it  ftands 

0,02a 


is  1,4771213;  alfo  the  logarithm  of  ^9,34.,  which  is 
1,4.674601  \  ^d TubtraAing  the  latter  from  the  former,  we 
obtain  the  remainder  0,0096612,  which  is  equal  to  the  por- 
tion A  R  of  the  axis. 

This  being  obtained,  we  then  %  A  E  :  A  K  :  :  A  R  : 
AD  5  viz.  0,4342945  :  26057,67s  :  :  0,0096612:  to  a 
fourdi  proportional,  whi(:h  gives  the  altitude  A  D  equal  to 
579,672  ftct. 

In  Coding  this  fourth  proportional,  according  to  the'com<» 
mon  rule  of  three,  we  may  either  multip}y  the  third  term  by 
ibe  fecoqd^  and  then  divide  the  produd  by  the  firft ;  or  we 
may  fi^rft  of  all  divide  the  fecond  term  by  the  fiiA,  and  then 
fnuldply  the  quotient  by  the  third  term ;  the  refult,  as  is 
well  known,  turning  out  always  the  fame.  But  in  this 
operation  the  fecond  method  is  attended  with  a  pra«9ical  ad* 
vantage,  whichrwill  be  pointed  oi|t  prefently. 

Example  II.  Suppofe  the  perpendicular  pillar  of  mercury 
11^  the  barometer  at  B,  to  be  28,65  inches,  and  that  of  the 
mercury  in  a  fimilar  barometer  at  D,  to  be  26,97  inches. 
It  is  required  to  determine  thereby  the  perpendicular 
diflance  BD,  bet^yeen  the  two  flations,  or  places  of  obfer- 

vation. 

Suppoling  the  ordinates  U  Q.,  R  Y,  to  be  refpedively 
equal  to  die  above*menticned  mercurial  altitude;  we  take 
^  logarithm  of  28,65,  which  is  1,4571246,  and  the  lo- 
g^rifhm  of  96,97,  which  is  i>430?^09  >  ^hen  fubtradting  the 

latter 
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0,022  of  an  inch  higher  when  the  moon  in  each 
lunation  comes  neareft  to  our  zenith  (meaning  the 
zenith  of  Padia,  where  the  bbfervation?  were  qiadc) 
tjian  when  ir  goes  farthcft  fronn  it.  Journal  M 
Sciences  Utiks. 

'  In 


latter  from  the  former^  the  rei^ainder  0,0262437  is  equal 
to  U  R. 

This  being  obtained,  we  then  lay,  as  pientioned  above, 
page  246,  AE:AK:;VR:BDi  viz.  0,4342945 : 
26057,675;  :  0,0262437  :  to  a  fourth  proportional,  to  fi^d 
which,  we  divide  the  fecond  term  by  the  firft,  and  •btain  die 

quotient  60000  ;  then  multiply  the  third  tenn  by  this  quo- 

■ 

tient,  and-  the  product,   viz.   1574,622  feet,  is  t^e  dif- 

tance.B.D. 

..."  /      ■       ■        _        ' 

Here  it  is  to  be  obferved.  that  the  firft  and  fee  and  termi 

mm  ■  # 

of  the  abovementioned  analogy,  are  conftaotly  the  fame,  viz. 
0,4342945,  aud  26057,675  9  and  of  courfc  their  quotient  is 
)ikewjfe  confiantly  the  fame,  namely,  the  very  convenient 
number  6opoos  therefore  the  operation  of  determining  the 
aUitudcs,  &c.  may  be  rendered  very  (hort^  for  the  whdc 
(coufifts  in  multiplying  the  diffecence  of  the  logarithms  of 
the  mercurial  altitudes,  by  60000,  and  the  product  gives  the 
altitude  fought,  in  feet.  And  if  we  want  the  anfwer  in  fa- 
thoms, the  operation  will  be  rendered  ihorter  ftill }  for  ^nce 
{^x  feet  are  e(j[ya}  to  one  ^thom,  60000  feet  mud  be  equal 
to  1 0000  fathoms.  Therefore,  in  that  cafe,  we  need  onl/ 
multiply  the  difference  of  the  logarithms  by  loooo  i  which 
is  eafily  done  by  removing  the  comm-^,  which  feparates  die 
decimal  part  of  the  logarithmic  remainder,  four  places  of 
^gures  to  the  right.    Thus,  in  the  lad  example,  the  lo- 

garidimic 


of  the  Aimofphercy  i^(.  %^i 

In  the  7th  vol.  of  the  Philpfophical  Magazine, 
there  is  a  paper  of  L. '  Howard,  Efq.  which  con- 
tains fcveral  curious-  obfcrvations  relative  to  this 
fubje(ft«     This  gentlemaq  found  boti}  from  his  own 

obfervations. 


garithmic  remainder  is  0,0262437,  which,  by  removing  ttie 
comma  four  places  to  the  right,  becomes  262^.37,  ^  ^x- 
preflfes  the  diftanee  BD  in  fathoms;  the  fame  as  before, 
^62,437  fathoms  being  equal  1574,622  feet. 

It  is  now  neceiTary  to  recoiled  that  this^rule  has  bjeen 
jeftablilhed  upon  the  fuppoiitions  that  the  fpeciftc  gravity 
of  meretiry  is  I3>6l9 ;  tfa^  the  fpeciftc  gravity  of  air  is 
0,0013066208  ;  that  the  temperature  of  the  air,  as  well  as 
of  tbe  mercufy,is  32^  and  that  die  mercurial  altitude  in  the 
barometer,  fituated  on  the  furface  of  the  earth,  is  equal  tp 
30  indicsv  ^^But  if  any  one  of  thofe  circumfta^ccs  happens 
to  be  altered,  then  the  refiik  of  the  operation,  according  to 
the  above-mentioned  rule,  will  deviate  more  or  lefs  from  the 
truth*  For  inftance,  if  the  temperature  happens  to  be  higher 
than  32*.  then  tbe  fpccific  gravities  of  the  air,  and  of  the 
mercury,  will  dixfer  from  the  above-mentioned  ftatements, 
and  of  co^rfe  the  module  of  the  atmofpherical  logarithmic, 
which  is  the  fecond  term  of  the  analogy,  &c.  muft  be  altered 
accordingly. — Tbe  fame  thing  may  be  faid  with  refpeft  to 
the  other  particulars. 

Notwithftanding  the  intricacy  of  folution  which  arifbs 
from  the  concurrence  and  flu<Slua:ion  of  the  above- 
mentioned  circumftanccs,  the  particular  effe£ts  of  each 
caufe  have  been  examined,  with  immenfe  trouble  and  affi- 
duity,  by  various  ingenious  phllofophers ;  and  rules  have 
t)ecn  formed  for  corrcding  ia  a  great  meaHire  the  errors 
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obfcrvations,  and  from  an  examination  of  the  Me- 
teorological Journal  of  the  Royal  Society,  which  is 
publiflicd  annually  in  the  Phil.  Tranfadtions,  chat 
tne  moon  had  a  manifeft  adion  upon  the  baro* 

meter. 


which  arlfe  therefrom.  We  fliall  .now  proceed  to  exa- 
mine thofc  rules^  and  the  fadi  upon  which  they  are 
cftabliflied. 

Since  the  bulks  of  bodies  are  increafed  by  the  acceffion 
of  heat,  and  of  courfe  their  fpecific  gravities  are  thereby 
oiminiQiedi  and'fmce  difierent  bodies  are  expanded  differently 
by  equal  increments  of  beat ;  it  follows  that|  under  Ae  fame 
at^ofpherical  preilurey  the  mercury  in  the  barometer  muft 
fland  higher  or  lower,  according  as  it  is  hotter  or  colder. 
Alfo  the  ratio  of  the  gravity  of  mercury  to  that  of  air,  will, 
cater ti  paribus^  ysiryynth  the  increafe  or  decreafe  of  tempera^ 
ture ;  but  this  variation  has  been  found  to  be  not  exadly 
proportional  to  the  degrees  of  heat.  Hence  in  meafuring 
altitudes  by  the  barometer,  either  the  fubtangent  of  the  at* 
mofpherical  logarithmic  mud  be  derived  from  the  z&mA 
temperature  of  the  mercury  and  of  the  air  at  the  time  of 
making  the  obfervations ;  or  both  the  adlual  denfity  of  the 
air,  and  the  obferved  altitude  of  the  mercury  in  the  barome- 
ter, muft  be  reduced  to  what  they  would  be  if  the  degree 
of  temperature  were  32®.— ^The  latter  method  is  the  moft 
.  expeditious. 

Mercury  has  been  fouad  to  expand  nearly  in  the  cxail 
proportion  of  the  degrees  of  heat  j  its  expanfion  for  every 
degree  of  heat,  from  32®.  upwards,  or  the  contradion 
for  every  degree  of  heat  from  32'.  downwards  is  equal 
tQ  Ojpooioz  of  the  whole  bulk,  which  at  32°.  is  called  onPx 

or 


of  tbiAim6fpbirey(^C0j  a^3 

meter.  •*  It  appears,  Ujays^  to  me  evident,  that 
'^  the  atmofphere  is  fubje^t  to  a  periodical  change 
**  of  gravity,  whereby  the  barometer,  on  a  noean  of 
''  ten  years,  is  depreOTed  at  kaft  one-tenth  of  an 

"  inch 


or  unity :  fo  that  if  a  quantity  of  quickfilver,  which  at  the 
temperature  of  32*.  meafures  one  cubic  inch)  at  the  tem- 
perature of  33^  meafure  x,ooo  102  inches;  it  will,  at 
the  temperature  of  34'',  meafure  1,000204  inches,  &c« 
But  though  quickfUver  in  itfelf  be  expanded  regularly  by  the 
acceffion  of  heat;  yet  in  the  tube  of  the  barometer,  the  per* 
pendicular  pillar  of  it  is  not  expanded  with  the  fame  regul 
larity ;  and  this  deviation  from  diat  regularity  is  owing  to 
two  caufes,  vix«  to  the  expanfTon  of  the  glafs  tube,  and  to  the 
.probable  generation  of  fome  elaftic  flufd,  which  being  ex^ 
tricated  from  the  mercury  by  the  heat,  occupies  the  empty 
part  of  the  barometrical  tube  above  the  quickfilven 

The  adual  iocreafe  of  altitude  in  a  barometrical  pillar  of 
mercury,  ariiing  from  an  increafe  of  temperature,  was  de- 
termined from  a£lual  experiments  on  the  barometer  itfelf,  by 
the  late  very  ijigenious  General  Roy.  When  the  barome- 
ter ftood  at  30  inches,^  this  gentleman  expofed  a  barometer 
to  dtfierent  degrees  of  heat  in  a  very  proper  apparatus, 
wherein  die  whole  column  could  be  rendered  of  the  fame 
uniform  temperature;  and  meafured  die  increafe  or  decreafe 
of  altitude,  which  was  occafioncd  by  the  various  degrees  of 
beat.  (See  bis  valuable  paper  in  the  67th  vol.  of  the 
Philofophical  TraniaiSions.)  The  refult  6f  his  experiments 
is  contained  in  the  annexed  table,  where  die  iirfl  column  ex- 
prefles  the  degrees  of  heat,  to  which  the.  barometer  was  ex- 
pofed I  the  fecond  column  (hews  the  altitudes  ofthe  mercu- 


•  • 


byF.Balfour^  Efq.  During,  the  month  of  ApHtf 
beginning  from  fix  o'clock  in  the  mornings  th(!  ba^ 
IOmeter  ro(c  a  little  during  four  hours,  then  fell 

■ 

during  eight  hours  i  afcer  wliich  it  rof^  again  dur«» 

ing 


part  of  it,  in  which  cafe  the  fuppoied  vapour,  which  is  ex- 
tricated from  the  mercury  by  the  heat^  is  Ie(s  in  quantity^ 
sind  finds  a  greater  fpace  to  expand  itfelf  in>  therefore  the 
irregularity  of  apparent  expaniion,  which  is  occafioRed  by 
this  vapour,  is  not  fo  great  as  when  the  column  of  quick-; 
£1  ver  in  the  barometer  is  30  inches  ;  (b  that  if  the  experiments 
were  performed  with  a  column  of  15  inches,  the  ^panfions 
would  not  come  out  exafily  the  halves  of  thofe  which  am 
fbted  in  the  table,  which  are  the  refults  of  experiments  per« 
formed  with  a  colum  of  twice  15,  viz.  30  inches  ;  the  dif* 
jEerence  however,  would  not  be  very  confiderable. 

In  order  to  apply  the  correfUon  for  the  expanfion,  we 
muft  find,  by  means  of  the  preceding  table,  what  the  column 
of  mercury  would  be,  if  the  quickfilver  of  the  barometer 
)iad  been  at  the  temperature  of  32*".  inflead  of  its  lt£hial 
temperature.  For  this  purpofe  the  a£lual  temperature  of 
the  mercury,  which  is  afcertained  by  means  of  the  thermo^ 
meter,  mufl  be  found  out  in  the  firft  column  of  the  uble, 
and  oppofite  to  it  is  the  expanfion  for  a  column  of  30 
inches,  or  its  bulk  at  that  temperature.  Then  fay,  as  this 
bulk  is  to  30  inches,  fo  is  the  obfcrved  altitude  of  the  mer* 
cury  in  the  barometer,  to  a  fourth  proportional,  which  is  the 
correded  altitude.  Thus,  if  the  obferved  altitude  be  28 
inches,  and  the  temperature  of  the  mercury  be  72^.  you  will 
find  30,1302  againft  ^r*.  in  the  table;  therefore  (ay,  as 
30, 1 302  :  30  ; :  2ii  :  to  a  fourth  proportional,  which  Vk 


if  the  Aimdfph&e^  t^c^  it$f 

ing  fotir  hours,  and  then  fell  during  the  laft  8  hours 
of  the  24.  And  this  took  place  every  day  regularly, 
with  very  few  exceptions. 

But  it  feemsithat  thofe  regular  fluffcuatlons  of  the 
barometer  at  Calcutta  could  nor  be  owing  to  the 
immediate  adion  of  the  moon,  fince  the  moort 
could  not  crofs  the  meridian  every  day  at  the  fame 
time.  So  that  upon  the  whole  it  appears  that  we 
have  very  litde,  if  any,  proof  of  the  exifiencc  of  a 
diurnal  flux  and  -  reflux  of  the  atmofphere,  fimilar 
to  the  tides  of  the"  fea;  yet  the  caufes  which  render 
the  diurnal  tide  of  the  atmofphere  infcnfible  to  us) 
may  be  the  elafticity  of  the  air,  and  the  interference 
of  the  much  more  powerful  efi^efts  of  heat,  cold, 
vapours,  &d. 

Having  thus  given  a  fuflicient  idea  of  the  nature 
and  extent  of  the  atmofphere,  and  of  the  ufe  of  the  ba- 
rometer,  I  fliall  conclude  this  chapter  with  a  lift  of  the  . 
altitudes  of  leveraV remarkable  mountains,  hills,  and 
other  places^  which  have  been'afcertained  by  various 
ingenious  perfohs,  either  gebmfctfically  or  by  means 

of 


•  ,     ^7)^79  inches ;  fo  that  had  the  temper^ure  of  the  mercury 

in  the  baromeCer  been  32^.  the  obferved  barometrical  alti- 
tude iifoaM'have  been  not  28J  biit  27*879  inches.-— If  the 

•  '^    viegree  of  temperature  be  not  mentioned  in  the  table,  then 
-  '•  ^Ttaft'take  a  proportional  part  of  the  difference  of  the 

'  .  ^^tigoQul  expanfioiis  in  the  third  column  of' the  table,  and 

'"  \  •^uft  add  it  to  the  expanfion  next  below;  f6r  the/fum  wi]k 
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of  barometrical  obfcrvations.  I  have^  however^ 
preferred  the  refult  of  the  georpetrical  meafureu 
ment  to  that  of  the  barometrical,  for  all  ihofe, 
places  which  have  been  meafured  bj  both  means. 

Table  of  Heights,  exprejfed  in  EngRJb  Feet^  as  if- 
termined  by  M.  Be  Luc,  Sir  George  Sbuckhwrgb^ 
Col.  Bey,  Mr.  Bouguer,  Mnd  other /denize  Per/mis. 

[N.  B.  The  letter  O,  which  follows  fome  of  die  namesi 
^eans  that  fuch  altjtude  was  meafured  geometrically.] 


In  America. 

Chimbora9on  —  —  — 

Cayambourow  —  —  — 

Antifana      —  —  —  — 

Pichinha      — -  —  -^  — 

City  of  Quito  —  _  — . 

In  Africa. 
Table  Mountain  at  the  Cape  of  Good 

Gondar  City,  in  Abyffinia     —      — 
Pic    of*  TenerifFe  (by  Dc   Borda, 

II02C  feet  high)  —        — 

Pic  Ruivo  in  Madeira        —         — 


AJbovf  tw 
Ocran* 

»9S95 
1939^ 
19290 
15670 

9377 


3454 
•8440 

14026 
5H» 


be  the  adual  bulk  of  a  column,  which  at  32^  wotiU.be  38 

inches  high. 

Thus  if  the  obferved  altitude  be  28  inches,  and  Ae.tew* 
peraturc  47*.  then  47*.  is  not  to  be  found  in  the  tables  W  J' 
47^  is  tqinally  diftant  from  42*.  and  52**.  which  are  intl«| 


'  ^the  Jimofpbere^  (Sc. 

In  Europe. 

The  fummic  of  Mont  Blanc^  the 
higheft  of  the  Alps>  andj'as  Sir 
George  Shuckburgh  fuppofes^  the 
moft  elevated  point  in£urope»  Aiia', 
and  Africa.  G.  —  •—  — 
Tc  (lands  14432  feet  above  die  Lake 
of  Geneva.  G. 

Monte  Rofa^  being  the  fecond  moun- 
uin  of  the  Alps.  G.       — *-  .     — 

Channouny,  ground- floor  of  the  inn  near 
the  foot  of  Mont  Blanc     —      — 

The  lake  of  Geneva       .  —     .    — 

The  dcjcptfl  part  of  the  lake  of  Geneva 
•The  greateft  depth  of  the  lake  being 

Aiguille  d'Argentiere.  G.     —      — 
The  fummitof  theGlacieredcBuct.  G. 
The  Dole,    higheft  point  of  Mont 
Jura.   G.         —  —         — . 

PictODyhighcft  pointof  Mont  Saleve.  G. 


^59 


Above  the  Me- 
diterranean. 


1566a 


15.084 

3367 
1130 


I34OCI 
10124 

55^3 

4514 
Summit 


%  therefore  we  take  die  half  of  the  dHFerence  of  the 
cxpanfions  for  thoft  degreesi  viz. .  the  half  of  0^328, 
iriiich  is  0,0164,  and  add  it  to  30^0333 ;  the  fum  30,6497 
k  the  bulk  anfwering  to  47*'.  Then  we  proceed  as  before, 
Vts»  (ay  aa  30,0497  :  30  :  :  28  :  to  a  fourth  propor- 
ti(»ial,lcc. 

.    Nocvichftanding  the  great  accuracy  of  Col.  Roy's  expe- 
ibientSy  it  is  beKeved  that  his  ftatetnents  of  the  expanflons 

s  2  are 


a^t> 
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Summif  of  the  Mote  — *         — 

'^t.  Joire,  in  a  field  ^t  the  foot  of  the 

'''  Mole.  G.  —  —        — 

The  fource  ofthc  river  Arviron,  at  the 

bottom  of  the  Vallec  de  Glace  •^— 
The  ballon  the  higheft^  or  fouth-weft> 

tower  of  St.  Peter's  church  in  Ge- 

nev^  (249  feet  above  the  lake)  G. 
Frangyi  at  the  inn,  firft-flbor,  below 

the  lake  of  Geneva  —  166 
Aix,  a  la  ville  de  Geneve,  firft- 

Soor^  below  t-he  lakeof  Geneva  378 
Chambery,  au  St.  Jean  Baptifte, 

firll-floor>  below  the  lake  of  G.  35a 
Aiguebelte,  at  the  inn,  firft-floor, 

below  the  lake  of  Geneva  ,  *-^  190 
LaChanibre,iitthe  inn,  firft-Soor, 

above  the  lake  of  Geneva  —  337 
St.  Michael,  at  the  inn, firft-floor, 

above  the  lake  of  Geneva  -f^  1 1  ij 
Modanej   at  the  inn,   firft-floor, 

above  the  lake  of  Geneva  —  2220 


Above  die  2ble« 
dhenuiean* 


6II3 


1901 


3656 


H79 


^345  • 

J450' 
Monte 


arc  ratlicT  coo  great,  ajid  that  xiiQ  mean  expaniion  of  an  inch 
cf  mercury  for  each  degree  of  Fabrenheit'&  thcrmomdti^ 
between  20**.  and  70*.  (within  which -ci^remes  moftbatiy 
metrical  obfervations  are  made)  is  0,cooio2  of  aninck 
But  it  is  hic^hly  probable  that  different  fpccimena  of  jnercttr/? 
follow  difterent  rates  of  expanfion.  Acimtting  thep  the  liM 
l»entioned  expanfion,  we  derive  therefrom  an  eafier  metboi: 


of  the  Atm^l^h$r9j  6frt 

•  a   -^     —     — 

;,  the  foot  o£  Mont  Cenis, 
I,  firft-floor  '  —  — 
,  at;  the  poft  —  — 
t  of  Mont  Cenis  —  — 
It  the  foot  of  Mont  Cenis^ 
ide  of  Italy>  at  the  inn^ 

Leyes,  one  of  the  Pyrcnnces 
li,  one  of  the  Pyrem>pes  - 
0,  one  of  the  Pyrcnnces  - 
ne  of  the  Pyrcnnces  —  - 
[otel  d'Anglcterre,  fecond- 

c.  Marco,  firft-floor  —  - 
?aon,  firft-floor  —  — 
Pelerin,  firft-floor  —  • 
itde  village  on'  the  Appe- 
veen  Bologna  and  Florence 
lin  Radcofa       —         — 


h^qif%  th^  Mc- 

4408 

•  • 
6261 

» 

9a  U 


4741 

« 

7620  ~ 
9300 
1 1700 
8544 

941 
263 

307 
399 

* 

2591 
2901 

The 


the  altitude,  viz.  a  method  which  does  not  re- 
For  this  purpofe  we  multiply  the  inches  of 
^metrical  altitude  by  0,000102,  and  niulti|dy 
)y  the  difference  of  degrees  between  32°.  and 
perature  of  the  mercury ;  then  we  add  the  laft 
pblerved  barometrical  attitude,  when  the  tem- 
ie  mercury  is  above  32^  pr  fubtrac^  it  from 
when  the  temperature  is  below  32''.  and  the 
dcr  is  the  correSed  altitude. 


S3 


Thus, 
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The  fummic  of  Monte  Vclino,  one  of 

the  Appcnines,  covered  with  fnow 

in  June;    about  46   geographical 

miles,  N.W.  of  Rome,  and  which 

is  probably  the  higheft  of  the  Ap- 

penines.  G*         —        1—        — 

Florence,  nel  Corfo  dei  Tintori,  50  feet 

above  the  Arno,  which  was  18  feet 

-  below  the  wall  of  the  quay  —    — 

Pifa,  aux  Trots  Bemoifdksj  fecond-floor 

Siena,  aux  Trois  Roisi  fecond-floor  - 

Redicoffani,  at  the  Poft,  firft  floor    - 

Redicoflfani,  the  top  of  the  tower  of 

the  old  fortiflcadon  on  the  fummit 

of  the  rock         —        _        _ 

Viterbo,  aux  Trots  Rois,  firft-floor,  on 

the  Ciminus  of  the  Ancients  —    - 

.Rome,  nel  Corjo^  61  feet  above  the 

The  river  Tyber  at  Rome     —     — 


Abotedielle- 

diterranciB. 


8397 


240 

1066 

2470 


3060 

1259 

94 
Pliues 


Thus,  ufing  the  fuppofitiohs  of  the- preceding  example^ 
the  temperature  72®.  exceeds  32**.  by  40®;  therefore  ire 
multiply  28  (which  is  the  obferved  barometrical  altitude) 
by  0,000102',  an  J  multiply  the  produfl:  0,002856  by  40^ 
which  produces  0,11424;  then  fubtra£l  this  laft  produft 
from  28,  and  the  remainder  27,88576  inches,  is  the  cer- 
re£led  barometrical  altitude ;  which  diiTers  from  the  re&itj 
of  the  other  method  by  about  one  50odth  part  of  an  inch. 

The  next  confideration  relates  to  the  expanfion  of  arr  bf 

beat  I  and  the  inveftigation  and  application  of  this  expaofioo 

irei 


^f  tie  j^mo^bere,  ^c.  * 
Places  in  Rome. 

The  top  of  the  Janiculunii  near 

the  ViHa  Spada      —         —  160 
Aventine  Hill,  near  the  Priory  of 

Malta       .—         —        —  117 
In  the  Forum,  near  the  Arch  of 

Sevcrus,  where  the  ground  is 

raifcd  23  \  feet        —        —     34 
Palatine  Hill,  on  the  floor  of  the 

Imperial  Palace       —        —  133 
Celian  Hill,  near  the  Claudian 

aqueduft      —       —       —       125 
Bottom  of  the  canal  of  the  Clau- 

dian^queduft         —         —  ^75 
Efquiline  Hill,  on  the  floor  of  St. 

M.  Major's  church      —    — ^^  ^54 
Capitol  Hill,  on  the  weft-end  of 

the  Tarpeian'  rock        —         118 
The  union  of  the  Viminal  and 

Quirinal  Hills,  in  the  Carthu- 

fian's  church  >  Dioclef.  Baths    141 
Pihcian  Hill,  in  the  garden  of  the 

Villa  Medici         —         —  165- 


^6j 


Above  the]  Above  the  Me* 
Tyber.  I     diuntacao* 


293 


150 


67 


166 


15$ 


%o% 


187 


>5» 


174 


I9S 


Top 


fT 


are  by  fiir  the  moft  intricate  and  perplexing  particulars  of  the 
ilibjed ;  for  the  air  does  not  only  expand  irregularly  through 
a  progreffive  increafe  of  heatj  but  its>  expanGbility  is  dif- 
ferent accordhdg  both  to  its  denfity  and  to  its  purity. 

The  beft  contrived,  the  inoft  extepfivc,  and  the  moft 
pondufive  experiments  relative  to  this  expianfibility,  were 

$4  ipade 
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Ab<»Te  the 
TyUn 

Top  of  the  crofs  of  St*  Peter's  ch.  ^o^ 
The  bafe  of  the  obelilk,  in  the 

centre  of  the  Periftyle        7—    31 
The  fpmpnit  of  the  mountain  So- 
ra6te,  lying  about  20 1  geogra- 
phical miles  north  of  Rome,  G.     -^  * 
Mount  Vefuvius,  in  the  kingdom  q£ 
Naples.    Mouth  of  the  crater  from 
"whencp  the  fire  iflTucd  in  1776     — 
Mount  Vefuvius,  at  the  bafe  of  the 
cone  —        —        —        r- 
Top  of  the  mountain  Somma,  adjoiiir. 
ing  to  Vcfuvius    —         — :•        — 
The  fumiTiit  of  mount  ^tna,  in  Sicily 
Barberino  di  Yaldenfa,  between  Bog- 
geborni  and  Tavernelle  .  —      — ^ 
Modena,  a  l'Albei[go  nuovo    —       — 
Montmclian,  at  20  feet  aJ)OYe  the  river 
pont  Beauvoifin      .  -r-        —      — 


Above  the  Me- 
k  dtterranean. 


531 


64 


2271 


373^ 
10954 

974 
214 

811 


705 


La 


made  by  the  fame  abovementioned  gentlenaan,  CoL  Royi 
afterwards  General  Rby.  The  manner  of  performing  thofc 
experiments,  and  their  refults,  will  be  mentioned  in  a  more 
proper  part  of  this  work. 

For  the  prefent  purpofe  wc  {ball  only  obferve,  that  if  the 
firatum  of  air,  which  lies  between  the  two  ftations  of  the 
barometer^werc  of  an  uniform  ^jemperature,  and  of  an  uniform, 
^egrec  of  moifture;  or  ev^n  if  it  >yerc  of  a  certain  progrcf- 

fiyely  increafing  or  decreiafing  t^qif  erstflure  s  r^Ies  might  he 

7  devifcd 


if  ibe- Atm^fberti  &^« 


«65 


1 

Above  the  fa^ 

La  tour  du  pin       —       .,^        — 

93» 

VcrpiHicrc           —          r—          — 

566 

Lyons,  at  t|ic  Hotel  Blanc,  50  foct 

f 

above  the  Soanc          — ^          -^ 

449 

St.  Jeaij  la  Vieux  ,  —    —        — : 

695 

Ccrdon,  near  the  poft-houfc  at  the  foot 

■ 

of  the  rocks    '    : —        — •        -^ 

854 

Nantua,  10  feci:  above  the  lake    -^ 

I4:j 

Chatillon,  at  the  Lo^is  N^ttf     -—     ^ 

i6a9 

Colonges     i—  •     —        —        — 

iSiS 

St.  Genis,  apparently  on  a  level  with 

the  foot  of  Mont  Jura      —      — 

1501 

Macofli,  at  the  Pare,  24  feet  above 

p 

thcSoane          r-       —        -?— 

• 

514 

Dijon^  ^  /it  C&ri&^,  the  firft-floor     — 

710 

Auxerre,  50  feet  above  the  river    — 

aSj 

Sens,  at  the  poll     —        —        — 

163 

Fontainbleau,  at  the  Grand  Cerf^  fe- 

cond-floor          ^—        —  •      — 

it4» 

Paris,  mean  height  of  the  Seine,  viz. 

quand  Us  eaux  fe  trouvent  ^  13  peds 

9  pouces  fur  I'echelle  du  Pont  Rcyalj 

/ 

felon  M.  dc  Lalandc        —        —  1 

361 

( 

Mr. 

deviiedfor  correding  the  ef)^£b  oSaerial  expanfion.    How- 

<Cvcr,  the  pnudicability  of  aicertaining  the  various  but  coii- 

tanporaoeous  temperature  and  moifture  of  a  condderable 

flx^ttuiL  of  airy  leems^  alt  leaft  for  tile  prefenc,  to  be  utterly 

outJof'Qurpbwcr^ 

In 
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# 

M.  dc  Lalande's  obfervatory,  at 
the  College  Royal,  firft-floor^ 
above  the  Seine,  at  Paris    —  loi. 
Stone  gallery  of  the  church  on 
Mount  Valcricn,    above   the 
Seine>  Paris    —        —      -i—  ^yj 
Depth  of  the  cave  of  the  Royal 
Obfervatory  at  Paris,  below 
the  pavement        —        —    jg 
Height  of  the  North  Tower  of 
the  church  of  Notre  Dame  at 
Paris,  above  the  floor.  G*  —  ai8i 
Chantilly       —         —        —    ' 
Clermont       —        *—        •*- 
Amiens,  Rue  de  Noytmy  firft-floor 
Abbeville,  firft-floor   —        — 
Mean  height  of  the  river  Thames 
at  London  (viz.  when  the  water 
is  1 5 1   feet  below  the  pave-  • 
ment  in  the  left-hand  arcade  at 
Buckingham-ftairs)    which   is 
above  the  mean  height  of  the 
river  Seine  at  Paris  6,8    •  •— 


AboiellieSefc 


>37i 


5095 


119 

329 
H7 

79 


43 


IroD 


In  the  prefcnt  ftate  of  knowledge,  the  only  cprredioa  we 
can  apply  is  founded  upon  the  fuppofition  that  the  tempen* 
ture  of  the  whqlc  ftratum  of  air,  which  lies  between  tm 
ilations,  is  the  mean  of  the  temperatures  of  the  air  at  dw 
two  ftsitions ;  and  that  air  of  the  more  common  degree  of 
mpiflure  is  expanded,  at  4  mean  0,00245  of  its  bulk,  which 


tf  the  Atmojfbere^  t^c. 

167 

• 

Iron  gallery  over  the  Dome  of 
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Ben- 

b  called  one^  by  each  degree  of  Fahreiiheit'is  thcnnome(cr» 
between  20°.  and  70*.  which  is  the  range  of  temperature 
through  which  mod  baroinctrlcaV  obfervarions  are  likely  to 
be  made.— The  rule  then,  which  is  eftabliihed  upon  thofe 
iuppofitions,  is  as  follows : 

Multiply  the  difference  between  32^  and  the  mean  tem« 
perature  of  the  air,  (viz.  the  mean  between  the  temperatures 
Df  the  air>  obferved  at,  the  two  ftatioos)  by  0,00245,  and 

multiply 
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ficn-Moir  —  —  —  ,  •?- 
Bcn-Laurs  —  —  —  — 
Ben-Gloe  —  —  —  — 
Benr-Lomood  —  —        r^ 

Bcnevifti  —  —  —  — 
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Tinto         —         —        —  .     — 
Calton  Hil^  above  Lcith  Pier- 
head, Scotland.   G.    —    —  344. 
Arthur's  feat,  above  Leith  Pier- 
head, Sc6tland.  G.     —      —  803 
Bafc  of  Hawk-hill  Obfervatory, 
above  the  bottom  of  the  fmall 
rock  on  Arthur's  feat,  Scot- 
land. G.      —      —        —    684 
Mount  Hekla  in  Iceland     —        — 
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347^ 
3180 

4350 
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^34^ 
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multiply  the  produ£l  by  the  approximated  perpendicular  diC- 
tance>  already  found,  between  the  two  ftations,  and  tkc  lift 
produdl  mud  be  added  to,  or  fubtra£lcd  from  (according  as 
the  mean  temperature  of  the  ^ir  is  above  or  below  32".)  the 
approximated  altitude  ;  and  the  fum  or  difference  is  the 
correal  altitude. 

For  if  what  we  hav,e  called  the  approximated  elcvaticMi 
gives  the  real  didance  between  the  two  ftations  when  the 
mean  temperature  of  the  air  is  32'*.  it  is  evident  that  when 
the  air  is  one  degree  hotter,  its  bulk  is  0,00245  larger; 
hence  in  this  cafe  the  fame  weight,  or  the  fame  preffure  on 
the  mercury  of  the  barometer,  is  produced  by  a  ftratum  of 

air 
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The'  Caipian  fea  is  faid  (by  Mr.  Lacrc)  to  be  306 
feet  below  the  ocean. 

The 
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air  thicker  than  the  former  by  0,00245  of  the  whole,  vix.  of 
the  whole  number  of  feet,  or  fathoms,  by  which  that  thick- 
nefs  Is  exprefTed;  hence  the  quant'ty  0,00245  mud  be 
multiplied  by  the  number  of  feet  or  fathoms,  which  would 
czprefs  the  real  thickricfs  of  the  ftratum  if  its  temperature 
were  32".— It  is  alfo  evident,  that  if  one  degree  of  heat  in- 
creafes  the  ftratum  0,00245  of  the  whole,  two  degrees  muft 
incrcafe  it  of  twice  that  quantity  ^  three  degrees,  of  three 
times  that  quantity,  &c.  Therefore  the  al^ovc^mentioncd 
produd  muft  be  alfo  multiplied  by  the  number  of  the  degrees 
of  heat,  &C. 

Having  thus  fhewn  the  foundation  of  the  method  of  ap- 
plying the  barometer  to  the  meafuremenc  of  altitudes,  in  fe- 
parate  parts,  for  the  fake  of  perfpicuity,  I  (ball  nowcoUe<$ 
all  the  necefTary  rules  under  one  point  of  view ;  which  may 
be  confldcred  as  the  ultimate  refult  of  the  inveftigation. 

I.  For  this  purpofe  two  accurate  barometers,  as  nearly 
as  poi&ble  of  the  fame  conftruic^ion,  muft  be  had ;  and  each 
barometer  muft  be  furni(hed  with  a  thermometer,  which 
muit  be  atUched  to  it  in  fuch  a  manner  as  to  have  its  bulb 
in  contact,  or  nearly  in  conta(5l,  with  the  mercury  of  the 
cift^rn  of  the  bar-ometer.  Two  other  fcparate  thermometers 
Wifi  likewife  be  provided. 

On^  barometer  and  a  detached  thermometer  muft  be  fttr 
tuated  at  each  of  the  two  places,  between  which  the  per- 
pcndicujar  diftancc  is.  required  to  be  meafuredi  and  the  ob- 
fervations  at  both  places  muft  be  made  by  two  obfcrvez]^  at 
the  very  lame  time  \  obferving  the  altitude  of  the  mercury 
in  the  barometer,  the  temperature  of  its  mercury,  which  '^ 
indicated  by  the  attached  thermometer,  and  the  temperature 

of 
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Would  make  upon  a  globe  of  two  feet  ifl  'diinrictcf. 
This  calculation  is  made  by  faying,  as  the  diatnitcr 
of  the  earth  is  to  the  altitude  6f  the  higheft 
mountain,  fo  is  a  diameter  df  two  feet  to  a  fourth 
proportional  which  being  found  by  tKc  rtile  of 
three,  is  the'  height  of  a  fimilar  rtlOufttaitf  Ort' a  gtobt 
of  two  feet  in  diameter. 

mentioned  conftant  quantity  0,00245,  viz«  it  muft  be  mul- 
tiplied by  the  difference  of  degrees,  between  32%  and  the 
mean  temperature  of  the  air,,  as  alfo  by  the  approximated 
elevation,  ^c.  as  mentioned  in  the  preceding  paragraph. 

N*  B*  There  are  fome  other  ways  of  performing  this 
problem,  and  of  applying  the  corre&ions;  but  I  have  pre- 
ferred the  above  as  being  the  moft  accurate  s  and 'more  evi« 
dently  deduced  from  the  foregoing  principles* 
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an-  Expmfon  tf  common  air  fir  each  degree  of  Fahrenheit s  Ther^- 
iMtuttr  hilvken  I2*.  and^x^'i  and  under  differint  prejfuresy  as  indicated 
y  the  height  of  the  mercury  in  the  harwuter^frvm  19  /*  3^  i  inches^ 

It*.  2ao.  340.         42©  510.         62®.  7i».  82».  ^»». 
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274  Of  the  Denfitf  and  Mtitude 

* 

E^^mpU  I.    It  is  required  to  decermine  the  perpendica- 
lar  diftance  between  the  fummit  and  the  foot  of  a  hili,  from 
•  the  fpllowiag  obfervations : 

Altitude  of  the  Tempertture  Tempo*, 

barometer.  of  mercury.       of  air* 

At  the  foot  of  the  hill  —  299561  inches  —  63*  —  56* 
.1.  At  the  fununit  of  the  hill  28,272  inches  — -  54®  —  48* 

From  the  table  in  page  254,  we  find  the  bulk  of  mercu7 
for  630.  equal  to  30,1 }  therefore  30,1  :  30  :  :  29,561  :  to 
the  reduced  barometrical  altitude,  29,462. 
The  bulk  of  mercury  for  54\  is,  from  the  table,  30,0726 ; 
-  therefore  30,0726  :  30  :  :  28^72  :  to  the  reduced  barome- 
trical altitude,  28,204, 

'The  logarithm  of  29,462  is  1,46926^^2 
The  logarithm  of  28,204  is  1,4503107 

The  difference  of  thofe  log.  is  0,0189515 

Now  if  the  comma  be  removed  four  places  towards  the 
right  hand,  this  remainder  will  exprefs  the  approximated 
elevation  in  fathoms  ;  viz.  189,515  fathoms.  Or  if  it  be 
multiplied  by  60000,  it  will  exprefs  the  fame  approximated 
elevation  in  feet,  viz.  (0,0189515  x  60000=)    1x37,09 

feet.  - 

.    /56»+48*      \ 

The  mean  temperature  of  the  air  is  f 2Z.  ~  1  52% 

which  exceeds  32*  bv  20*5  therefore  (0,00245  X  20  X 
1137,09  r=)  55,71741,  which,  fince  the  mean  temperature 
of  the  iCir  is  above  32%  muft  be  added  to  the  approximated 
elevation,  and  their  fum,  viz.  (1137,09  +  55,71741  =) 
1192,80741  feet,  is  the  correal  elevation,  or  the  perpendi- 
cular altitude  6f  the  hill. 

For  the  fake  of  greater  accuracy,  the  expanfion  of  the  air 
may  be  taken  from  the  preceding  table,  according  to  the  laft 
part  of  the  rule  \  viz.  the  mean  between  the  reduced  baro- 
metric^ altitudes  is  (  -^^ 2 — ^  zz  J  28,833  i  and 

'ICC 
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in  temperature  of  the  air  is  52*.  Th6n  ki  the  table 
]  facing  28,5,  which  is  the  neareft  to  28,833 ;  and 
^•,  of  properly  under  the  degrees  of  heat  bet\greeii 
id  62®.  the  qualhtity  0,00255,  which  quslntity  muft 
1  inftead  of  0,00245;  therefore  (0,00255  X  20*  X 
•9  =)  57,09159,  which  being' added  to  the  approxi* 
rlevation,*give$(  1 137,09  +  57,99i&c.  =)  1195,08 
the  altitude  of  the  hill^  which  is  a  nearer  appro2^ima<* 
the  truth. 

K^Zr  Il.f  It  is  re()uired  to  determine  the^perpendi- 
[dtude  between  two  fituations,  where  the  following 
tions  were  made. 

Bar.  alfiti  Att.  f  henfi..  Det.  Ther. 

place    -    -29,883     -    -    28*.      -    -   24«. 
jJace    -    -  29,032     -    -     26*,      -    -    26*. 

n  the  table  in  page  2  54,.  we  have  the  bulk  of  mer-^ 

r  28®.  equal  to  29,9865 ;  therefore  fay,  29,9865  \ 

299883  :  to  the  reduced  ^  barometrical    altitude 

the  bulk  of  mercury  for  26^.  is  29,98 ;  therefore 
,98  :  30  :  :  29,032  :  to  the  reduced  barometrical  al-i* 
19,051^ 

logarithm  Of   29,897  is  1,4756276 
logarithm  of  29,051  is  1^4631611 

difference  of  thofe  log*,  is  0,0124665^  which,  by  re^ 
the  comma  four  places  to  the  right,  exprefles  the 
mated  elevatbn  in  fiithoms,  yiz.  124,665  ^fathoms* 
nultiplied  by  60000,  will  exprefs  it  in  feef,  visK* 
1^65  X  60000)  747^99  feeti 

(24.*  +  26*      \ 

Ta  which 
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It  is  alfo  neceflkry  to  obferve,  that  in  oRFerent  latitudes 
neither  the  gravity  nor  the  expanfibility  of  ^ir  is  the  fame. 
Hence  the  ratio  of  the  gravity  of  air  to  that  of  mercury  is 
by  no  means  conftant;  nor  is  it  eafily  afccrtained  for  any 
particular  place  and  time*  In  the  province  of  Quito  ia 
Peru,  which  ftands  confiderably  above  the  level  of*  the 
ocean,  the  altitudes  which  are  deduced  from  barometrical 
obfervations,  h\\  greatly  (hort  of  the  real  or  geometrical 
menfurjitions  i  whereas  at  Spitsbergen,  they  greatly  ex<» 
ceed  the  truth.  *'  It  fcems,"  as  CsL  Roy  jufify  obfcrvii^ 
<^  that  the  atmofphere  furrounding  our  globe  might  poffiUy 
^^  be  compofed  of  particles,  whofc  fpccific  gravities  were 
^  really  diiFereht ;  that  the  lighteft  were  placed  at  the 
<<  equator,  and  that  the  denfity  of  the  others  graduatty  in- 
<<  cre^fedfrom  thence  towards  the^  poles,  ^ere  the  heaviefi 
**  of  all  had  their  pofition." 

This  fuppofltion  is  corroborated  by  two  obvious  confi* 
derations,  namely,  that  on  account  of  the  cold  the  air 
about  the  poles  of  the  earth  is  rnuch  dryer  than  in  other 
places,  and  that  on  account  of  the  polar  diameter  being 
ihorter  than  the  equatorial  diameter,  the  air  which  lies  at 
^qual  diftances  from  the  fiirface  of  the  earth,  is  aduallj 
nearer  to  the  centre  of  attradion  about  the  poles  than 
about  the  equator.  We  may  therefore  conclude,  upon 
the  whole,  that  in  order  to  render  the  barometrical  mea- 
furement  capable  of  greater  accuracy  than  it  is  at  prefcnt, 
farther  experiments  and  obfervations  itiuft  be  made  with  all 
poffible  attention,  in  different  latitudes,  and  in  different 
dates  of  the  atmofphere,  It  is  alfo  probable  that  it  will  be 
found  'ufeful  to  accompany  with  the  barometer  and  thermo- 
meter, the  ufe  of  other  inftrumeiits,  fuch  as  the  hygrometer, 
the  electrometer,  and  the  manometer. 

Thofe  perfons  who  wifh  to  examine  this  fubje£l  in  a  more 
1^  '  .       particular 
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articular  man^i^  may  confult  the  following  valuable  pub- 
cations:  M.  de  Luc's  Recberches  fur  Us  Modifications  di 
'Atm^bire.  Dr*  Horfley's  Paper  in  the  Philofophical 
Pranftdions,  vpl.  64th^  Sir  George  Shuckburgh's  Paper, 
4.  de  Luc's  Paper,  and  Coh  Roy's  Paper,  all  three  in  the 
jtb  vol.  of  the  Philofophical  Tranfa&ioas.  Alfo  the 
rtide  Piuumatia  in  the  Encyclopaedia  Britannica. 


CHAPTER      X. 

OF   AIR    IK    MOTION^   OR    OF   tHE  WINO» 

TT^HE  weight  and  prcflurc  of  the  atmofpherical 
air  have,  been  explained  in  the  preceding 
ibs^ters.  It  is  now  necefTary  to  examine  the  par- 
iculars  which  relate  to  the  motion  of  the  fame 
luid,  and  thofe  particulars  may  be  arranged  under 
vro  principal  denominations,  viz*  of  win4y  and  of 
iund. 

Wind,  or'a  current  of  air,  is  the  progreflive  mo- 
ipn  of  air  from  one  place  to  another.  Sound,  or 
be  feniation  which  we  perceive  through  our  ears  is 
>roduced  by  a  vibratory  motion  of  the  founding 
Kxly,  and  is  conveyed  to  the  ear  by  a  vibratory 
notion  of  the  particles  of  air,  or  other  body  which 
[itervencs  between  the  founding  body  and  the  ear. 

T  4  ;  The 
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above-mentioned  velocicy ;  becaufe  that  variation 
is  attended  with  a  proportionate  denfity  of  the  at- 
mofphcre. 

II.  The  velocity  with  which  air  of  thp.ufual  den- 

r 

fity  will  ru0i  into  a  veiTel  cbntaining  air  lefs  deoie> 
mav  aifo  be  eafily  calculated  s  for  in  this  cafe,  we 
muft  confidcr  the  air  as  prefled  not  by  the  whole 
atmofphcre^  but .  by  the  difference  between  the 
whole  atmofphere,  and  that  part  of  it  which  pro- 
duces  the  denfity  of  the  air  in  the  veflel.  Or^  in 
Other  words,  the  altitude  of  an  hojnogeneous  at* 
mofphere  naiill  be  reduced  in  the  proportion  of  the 
vfual  denfity  of  the  air  at  the  furface  of  the  earth, 
to  the  denfity  of  the  air  in  the  Veflel  j  the  reft  of 
the  calculation  proceeds  exactly  as  in  the  preceding 
cafe.  The  velocity,  however,  which  is  obtain€4 
by  this  means,  will  be  gradually  checked  and  dimi- 
nilhed,  becaufe  by  the  entrance  of  the  external  air, 
the  quantity,  and,  of  courfe,  the  denfity  of  the  air  in 
the  yefl<;;l,  is  gradually  increafed. 

The  like  calculations  may  be  eafily  and  evidendy 
applied  to  the  entrance, of  air,  which  is  prefled  by 
any  given  preflure  greater  or  lefs  than  that  of  the 
whole  armofphere ;  as  alfo  to  the  efflux  through  9 
given  aperture,  of  air,  which  has  been  confined  in  a 
given  veflel  by  a  given  weight.  But  in  prafticc, 
both  the  influx  and  the  efflux  of  air  into,  or  out  of, 
a  given  veflTel  through  a  given  aperture,  turn  out 
by  much  different  from  the  determinations  of  the 
theoretical  calculations  s  which  is  owing  to  die 

fame 
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flme  concurring  and  flufiiuanng  caufes,  as  have  in 
:hap.  VII.  of  this  Part,  been  Qi.jwn  :j  z^<et  the 
novemencs  of  non-elaftic  fluids,  viz.  theattuftion 
jf  aggregation,  the  attraiftion  of  cohefion,  the  for- 
nation  of  the  vma  contraSfa  in  certain  cafc..,  the 
vane,  or  the  afliflance,  of  an  ajiing;  or  Ihorr  pipe 
0  che  aperture,  the  diffl-rent  diredions  which  dif- 
ercnc  pirts  or  tilamencs  ol  fluid  acquire  in  ciieir 
notion,  the  friction,  Sec.  And  in  clallic  fluids  fuch 
ranacions  mult  evidently  be  greater  chan  in  water, 
ind  other  non-elaftic  fluids. 

The  fame  oblervations  may  be  made  with  refpeft 
o  the  paffage  of  air,  and  other  eUitic  duids, 
hrough  long  pipes,  channels,  Sec.  which  retard  its 
elocity  in  a  very  great  degree,  and  the  irregularity 
i  To  great,  that  no  known  theory  is  fufficient  :o  de- 
ermine  the  effect  in  moft  cafes. 

The  quantity  of  air  difcharged  into  the  atmofr 
ihere,  through  a  given  aperture  in  a  veflel,  wherein  \ 
K  air  is  preffed  by  a  given  weight,  as  appears  from 
)r.  Young's  Experiments,  icems  to  be  nearly  a$ 
K  iquare-root  of  the  preffurc;  and  that  the  ratio  of 
tie  expenditures  by  different  apertures,  with  the 
imc  prelTure,  lay  between  the  ratio  of  their  diame- 
?rs,  and  that  of  their  areas*. 

III.  The  velocity  and  the  force  of  the  wind,  or 
fa  natural  current  of  air,  deterve  to  be  examined 
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with  all  pofTible  attention  ;  it  being  owing  to  that 
current  that  we  are  enabled  to  navigate  the  ocean, 
to  make  ufc  of  windmills,  &c.  But  the  obftruc- 
tion  which  the  motion  of  air  receives  from  the  va- 
rious caufcs  that  have  been  mentioned  in  (peaking 
of  non-elaftic  as  well  as  of  ehftic  fluids,  in  the  IVth 
•nd  in  the  prcfent  Chapter  of  this  Second  Part  of 
theft  Elements,  invalidates  the  application  of  every 
theory,  and  renders  the  refults  of  adbiial  experi- 
ments the  only  guides  which  can  direft  us  in  the 
ufe  and  applicadon  of  the  winds. 

The  velocity  of  air  in  natural  currents  of  cer- 
tain denominations,  has  been  attempted  to  be  mea- 
&red  by  various  means.  It  has  been  attempted  by 
meafuring  the  velocities  of  the  fhadows  of  clouds 
upon  the  furface  of  the  earth ;  but  this  method  is 
very  fallacious :  firft,  becaufe  it  is  not  known  whe- 
ther the  clouds  do  or  do  not  move  exactly  with  the 
air  in  which  they  float ;  and  fecondly,  becaufe  the 
velocity  of  the  ajr  at  the  region  where  the  clouds 
are^  is  by  no  means  the  fame  as  that  of  the  ^ 
which  is  nearer  to  the  furface  of  the  earth,  and 
fomerimes  is  quite  contrary  to  it,  which  is  indicated 
by  the  motion  of  the  clouds  themfelvcs. 

The  bed  method  of  meafuring  the  velocity  of  the 
wind  is  by  obfcrving  the  velocity  of  the  fmoke  of  a 
tow  chimney,  or  to  eftimate  it  by  the  efFcft  it  pro- 
duces upon  certain  bodies. 

IV.  Whatever  has  been  faid  in  Chap.  IV.  of  the 
prcfent  Second  Part  of  thcfc  Elements,  is  fo  evi- 
dently 


er  6f  the  fVind.-^  185 

dently  applicable  to  the  impuH'c  which  air  in  motion 
oivcs  to  foiids,  or  to  the  obftruftion  which  Tolids 
receive  in  their  movements  through  air ;  rhat  ic 
would  be  necdkls  in  this  place  to  dwell  any  longer 
upon  the  theoretical  part  of  the  fubjeit. 
jL  The  beft  method  of  eftimating  the  force  as  well 
pti  the  velocity  of  the  wind,  is  from  ihc  cffe£ls 
Which  it  produces  upon  certain  bodies.  The  in- 
fl,rumer.ts  which  have  been  found  to  anfwer  thefc 
purpoics  in  the  bed  manner,  will  be  dcfcribecf 
hereafter;  but  for  the  prefent  we  fliail  obferve,  that 
from  the  concurrence  of  the  experiments  which 
have  been  made  with  various  inftruments  and  dif- 
ferent methods,  the  following  eftimace  has  btci- 
deduced ;  namelv,  that  in  currents  of  air  ol  .fic 
denominations  which  are  exprefled  in  the  fourth 
column  of  the  following  table,  the  air  moves  at  ths 
rate  of  fo  many  feet  per  fccond  as  are  exprefled  in 
the  fecond  column,  or  of  fo  many  miles  per  hour 
as  are  exprefled  in  ihe  fit-ft  column.  The  third 
column  exprefles  in  avoirdupoife  pounds,  the  force 
of  the  wind  on  an  area  of  one  foot  fquare,  which  is 
Krefented  in  a  direftion  perpendicular  to  it. 
W  This  table  was  firft  piibliihed  in  the  5  ift  volume 
of  the  Philofophical  Tranfaftions,  by  Mr.  J.  Snica- 
toil,  the  celebrated  engineer,  who,  in  his  valuable 
J*aper  on  the  natural  powers  of  water  and  wind, 
duces  it  with  the  annexed  paragraph. 

c  following  table,  which  was  communicated 

'  to  me  by  my  friend  Mr.  Koufe,  and  which  ap- 

"  pears 
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reafbns  which  are  eafily  derived  from  the  theory  of 
the  refolution  and  compofition  of  forces,  and  from 
the  theory  of  direft  and  oblique  impulfes  which  have 
been  delivered  in  the  Firft  Part  of  thefc  Elements ; 
alfo  from  what  has  been  faid  in  the  IVth  Chapter 
of  this  Second  Part.     In  fhort,  the  general  pro- 
pofition   for  compound  impulfes  is,   thzt^^fbe 
effiilive  impulfe  is   as    the  Jurface^   as  the  Jqiuart 
of  the  air's  velocity^  as  the  fquare  of  the  fine  of  the 
afigle  of  incidence,  and  as  the  fine  of  the  oiliquity 
of  the  folid's  motion  to  the  direSion  of  the  impulfe, 
Jointly  J    for  the  alteration  of  every  one  of  thofc 
quantities  will  alter  the  effeft  in  the  fame  propor- 
tion.    But  thofe  general  rules,  as  we  have  already 
more  than  once  obferved,  are  fubjeft  to  great  varia- 
tions i    for  that  their  refults  feldom  coincide  with 
thofe  of  aftual  experiments.      In  the  motion  of 
folids  through  air,  a  great  retardation  arifes  (bc- 
fides  other  caufes)  from  the  *  condenfation  of  the 
air  before  the  folid,  and  from  the  rarefadlion,  and, 
with  fome  velocities,  the  vacuum,  which  is  formed 
behind  the  folid  i  hence  nothing  but  adual  experi- 
ments can  poffibly  illuftrate  this  fubjeft  *•     Winds 

*  See  Derham's  Paper  on  the  Velocity  of  Sound. 
Philofophical  Tranfaflions  Abridged,  vol.  IV.  Robins's 
Treatife  on  Gunnery.  De  Borda's  Experiments,  in  the 
Memoirs  of  the  Academy  of  Sciences  for  1763.  Smeatoo's 
Paper  in  the  Philofophical  Tranfadions  voL  51ft.  But  a 
great  many  more  experiments  muft  be  inflituted  by  fcicn-  . 
tific  pcrfons  before  the  fubje£t  can  be  fufficiently  elu- 
cidated. 

arc 
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«re  of  great  life  tx>  us ;  but  in  the  application  of  the 
vAnds  to  iiavigatioii,  to  wind-mills,  and  to  other 
machines,  fbme  other  cirCumftances  nnuft  likewiie 
be  had  in  view^  namely,  the  probable  fbrce>  dura- 
tion, and  diredlioh,  of  the  wind  which  is  likely  to 
blow  in  any  given  place.  Thcfc  particulars  muft 
be  derived  from  the  hiftory  of  countries,  or  from 
meteorological  journals^  viz.  from  long  and  accurate 
experience. 

It  appears  that  almofl  in  all  expofed  fituations> 
fuch  as  the  open  lea,  bxtenfive  plains,  tops  of  hills, 
&€•  the  wind  almoft  always  prevails  i  and  few  in-> 
deed  arc  the  days,  or  the  hours,  throughout  the 
year,  m  which  a  reai^  or  what  is  called  a  dead,  calm 
is  to  be  obferved. 

In  thofe  places  for  more  than  three  quarters  of 
the  year  (I  do  not  mean  without  interruptiqn)  the 
force  of  the  wind  is  fufficient  to  work  a  nicely 
made  wind-mill,  or  at  lead  to  impel  the  fails  of  a 
ihip. 

The  wind  machines  of  larger  fize  and  greater 
power,,  which  are  applied  to  pumps  for  cxtrafting 
water  from  deep  pits,  which  arc  applied  to  the 
grinding  of  hard  materials,  &c.  require  a  higher 
wind  to  put  ihem  in  motion.  Dr.  Stedman  v/as 
informed  by  a  gentleman  of  experience,  who  had 
created  a  wind^machine  to  drain  his  coal-pit,  that 
he  never  could  depend  upon  more  than  53  or  54 
hours  of  wind  fufficient  for  moving  that'machine  in 
a  week,  taking  the  year  round.   Dr.  Stedman  hint- 

VOL.  II.  ¥  felf, 
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fclf,  from  a  careful  infpcftion  of  a  column  for  the 
wind  in  a  meteor6logical  journal,  endeavoured  to 
form  a  proponjon  between  the  duration  of  wind  of 
a  certain  degree,  and  that  of  another  degree. 

*'  From  this  computation,"  be  fays,  **  wc  have 
**  2,592  days  in  a  week,  or  19,307  weeks  in  a 
"  year,  in  which  wind  machines  of  the  heavier 

kind,  and  of  confiderable  friftion,  may  be  fup- 

pofed  to  be  kept  in  motion  j  wKich,  to  the  times 
**  wherein  they  cannot  go,  is  as  10  to  17.'* 

But  the  journal  upon  which  he  grounded  his  pro- 
portion^  was  the  journal  of  a  fmgle  place  ;  the  pe- 
riod of  years,  as  he  juftly  obferves,  was  too  (hort; 
the  proportion  for  the  different  months  of  the  lame 
name  in  different  years,  as  alfo  the  proportion  for 
the  different  years,  as  appears  from  the  tables  he  has 
given,  are  too  fluftuating  and  irregular ;  to  which 
we  may  ad<l,  that  the  meteorological  journals  in 
general,  wherein,  one  or  two  obfcrvations  are  dated 
for  every  24  hours,  do  not  afford  materials  fufficient 
for  an  accurate  eftimate*. 

The  direftion  of  the  wind,  which  is  various  itt 
moft  countries,  and  varies  in  the  fame  country,  ac- 
quires its  diiTerent  denominations  from  the  four 
principal  quarters,  or  cardinal  points  of  the  world. 
Thus  it  is  caWcd  No7'lh  ''juindy  when  it  blows  from  the 
north,  towards  the  fouth  ;    it  is  called  Eajl  ^ufind, 


*  Sec  Dr.  Stcdmnn's  Paper  in  the  67th  volume  of  the 
Philofaphical  Trajjladions. 

when 
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Virhen  it  blows  from  the  caft  towards  the  weft  \  it  is 
called  if M^i&  wind^  when  it  blows  from  the  fouth  to- 
tirard3  the  nordi,  and  Wefi  windy  when  it  blows  from 
the  weft  towards  the  eaft. 

The  winds  which  deviate  a  little  from  the  cardi- 
nal  points,  aj-e  commonly  called  northerly ^  eafierly^ 
foutberlyy  and  wefterly,  winds.  But  for  the  fake  of 
greater  diftinftion,  the  Ipace  or  arch  which  lies  be- 
tween any  two  contiguous  cardinal  points^  is  fup- 
pofed^  by  the  mariners,  to  be  divided  into  eight  equal 
parttj  or  points,  and  each  point  into  four  equal  partSi 
called  quarter-points.  So  that  the  horizon  is  fup- 
pofed  to  be  divided  into  32  principal  points,  which 
arc  called  rhumbs,  or  winds,  to  each  of  which  a 
particular  name  is  afSgned ;  and  thofe  names  are 
ilerived  from  the  nannes  of  the  adjacent  cardinal 
points,  as  is  fhewn  by  the  following  table,  wherein 
the  names  of  all  the  3  2  points  are  arranged  in  order 
from  the  north,  eaftward,  &c.  but  thofe  names 
arc  generally  expreflcd  fimply  by  their  initials. 
Thu«,  N.  ftands  for  north  j  S.  E.  ftands  for  fouth- 
caft,  &c. 


North 

North  by  Eaft 
North  North  Eaft     . 
North  Eaft  by  North 
North  Eaft 
North  Eaft  by  Eaft 
Eaft  North  Eaft 
Eaft  by  North 


Eaft 

Eaft  by  South 
Eaft  South  Eaft 
South  Eaft  by  Eaft 
South  Eaft 
South  Eaft  by  South 
South  South  Eaft 
South  by  Eaft 
u  2  South 


.   v« 
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South 

South  by  Weft 
South  South  Weft 
South  Weft  by  South 
South  Weft 
South  Weft  by  Weft 
Weft  SotJth  Weft 
Weft  by  SdutK 


Weft 

Weft  by  North 
Weft  North  Weft 
North  Weft  by  Weff 
North  Weft 
North  Weft  by  North 
North  North  Weft 
North  by  Weft. 


Almoft  in  every  country,  the  wind  is  more  or 
Ie(s  predominant  in  a  particular  direfkron  t  but  be- 
fore we  begin  to  enumerate  the  obtervations  which 
have  been  made  relatively  to  thofe  directions,  it 
will  be  proper  to  mention  the  caules,  which,  as  6r 
jas  we  know,  produce  the  wind,  in  order  that  die 
rcider  may  be  enabled  in  fome  meafure  to  compre- 
hend the  reafons  of  the  particular  direftions,  which 
will  be  mentioned  in  the  fequel. 

Heat,  which  rarefies,  and  cold  which  condenfes, 
the  air,  are  by  far  the  principal,  and  more  general, 
<:aufes  which  are  produftive  of  a  current  of  air ;  and 
the  grcateft  general  heat  or  cold  is  derived  from  the 
prefence  or  abfence  of  the  fun. 

The  next  caufe  has  been  juftly  attributed  to  the 
attraftion  of  the  fun  and  moon,  whofc  influence  is 
fuppofed,  with  great  probabilit}^,  to  occafion  a  tide, 
or  flux  and  reflux,  of  the  atmofpherical  fluid,  fimilar 
-to  that  of  the  fca,  but  greater,  becaufe  the  air 
lies  nearer  to  thofe  celefl:ial  bodies,  and  bccaufc 
air  is  incomparably  more  expanfibk  than  water. 
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It.  has  been  calculated  by  D'Alemberc  from  the 
(pral  theory  of  gravitation,  char  the  influence  of 
ijbn  and  moon  in  iheir  daily  motions,  is  fuffi- 
|t  to  produce  a  cominuai  caft  wind  about  the 
iltor.    So  that  upon  the  whole  we  may  recjton 
llp  principal  daily  tides,  viz.  tvv'o  arifing  from  the 
motions  of  the  fun  and  moon,  and  the  third  from 
I  heat  of  the  fun  alone :    all   which  fometisnea 
Iftbine  together,  and  form  a  prodigious  title. 
corroboration  of  the  opinion  o,f  the  influence 
fun,  and  principally  of  the  moon,  in  the  pro- 
n  of  wind,  we  mufl:  likewifc  mention  the  ob- 
lations of  Bacon,  Gaflendi,  Dampier,  Halley, 
^   namely,   that  the  periods  of  the  year  mofl 
lb  to  have  high  winds,  arc  the  two  equifioKes  ; 
iiiorms  are  more  frequent  at  the  time  of  n^w 
fc  full    moon,    efpecialiy    thofe    new    and    full 
ms  which  happen  about  the  equinoxes;    that, 
riods  otherwife  calm,   a  fmall  breeze  takes 
at  the  time  of  high  water  i  and  that  a  fmall 
'cmenl  in  the  atmoiphcre  is  generally  perceived 
rt  time  after  the  noon  and  the  midnight  of 
day. 

ime  aftion  in  the  produflion  of  wind  may  alfo 
riyed  from  volcanoes,  fermentanons,  evapora- 
I,  and  efpecialiy  from  the  condenfation  of  va- 
:  for  we  find  that,  in  rainy  weather,  a  confi- 
tle  wind  frequently  precedes  the  approach  of 
Jingle  cloud,  and  that  the  wind  fubfides  u 
as  the  cloud  has  paflcd  over  our  zenith, 
'hcrever  any  of  the  above-mentioned  caufesU 
tj  3  conftantiy 
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conftantly  more  predominant,  as  the  heat  of  the 
fun  within  the  tropics,  there  a  certain  dircftion  of 
the  wind  is  more  conftant^  and  where  different 
caufes  interfere  at  different  and  irregular  periods, 
as  in  thofc  places  which  are  confidcrably  diftant 
from  the  torrid  zone,  there  the  winds  are  more 
changeable  and  uncertain. 

In  fhort,  whatever  difturbs  the  equilibrium  of  the 
atraolphere,  viz.  the  equal  denfity  or  quantity  of  air 
at  equal  diftances  from  the  furface  of  the  earth  j 
whatever  accumulates  the  air  in  one  place,  and 
diminiflies  it  in  other  places,  muft  occafion  a 
wind  both  in  difturbing  and  in  reftoring  that  ;equi- 
librium*. 

Thofe  general  obfervations  feem  to  agree  tolera- 
bly well  with  the  following  fafts,  which  have  been 
afcertained  by  the  concurring  teftimony  of  fkilfiil 
fcamen,  and  other  obfervers. 

I.  Between  the  limits  of  30%  north  and  30*. 
fouth  latitude,  there  is  a  conftant,  or  almoft  con- 
ftant,  eafterly  wind,  blowing,  but  not  violently,  at  • 
all  times  of  the  year,  in  the  Atlantic  and  Pacific 
oceans.    This  is  called  the  trade  wind. 


^  Mr.  BriflTon  is  of  opinion  that  ele£lricity  is  the  prin- 
cipal ^nd  more  general  caufe  which  produces  winds: 
^^fanurois  mieux^'*  he  (ays,  "  donner  pour  cqufe  priewin 
"  et  generaU  dis  vents,  PileSiriciti^  qu*onfait  qui  regnt  «»• 
tinutlUment '  dans  Patmofpherej  it  a  la  furface  de  mtf* 
globe,"  Prindpes  de  Phyftque,  §  IO35.— I  s^m  by  00 
means  of  the  fame  opinion. 

Towards; 


% 
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Towards  the  middle  of  the  above-mentioned 
:rack  of  about  6o*.  viz.  about  the  equator,  the  wind 
5I0WS  cither  exaftljr  from  the  eaft,  or  very  little 
liftant  from  that  point ;  but  on  the  borders  of  the 
ibovc- mentioned  fpace,  the  wind  deviates  from 
hat  pointj  viz.  near  the  northern  limit  the  trade  • 
vind  blows  from  between  the  north  and  the  eaft, 
nd  near  the  fouthern  limit,  it  blows  from^  between 
he  fouth  and  the  eaft. 

The  trade-wind  feems  to  depend  principally 
i|x>n  the  rarefaftion  of  the  air,  which  is  occafioned 
)y  the  heat  of  the  fun  progreflivcly  from  the  eaft 
owards  the  weft.  The  air  which  is  rarefied,  and,  of 
rourfe,  elevated  by  the  heat  of  the  fun  immediately 
>ver  it,  is  condenfed  and  defcends,  as  foon  as  the 
iin  is  gone  over  another  place  to  the  weft  of  the 
ormeri  then  the  air  of  the  latter  place  is  rarefied, 
iid  the  condenfed  air  of  the  former  rulhes  towards 
c,  &c.  From  the  northern  and  fouthern  parts  of 
he  world,  the  air  likewifc  runs  to  the  place  which  is 
□nmediately  under  the  fun  i  but  thofc  direftions, 
ombining  with  the  eaftcrly  wind,  which  blows 
icarer  to  the  equator,  form  the  above-mentioned 
lorth-eafterly  and  fouth-eafterly  winds  on  the  bor- 
lers  of  the  trade-wind. 

2.  In  places  that  are  farther  from  the  equator, 
he  rarefaftion  which  arifcs  from  the  heat  of  the 
jn,  and  from  the  actradliori  of  the  fun  and  moon, 
\  Icfs  adtivej  and  is  bcfides  influenced  by  a  variety 
f  local  and  accidental  circumftances,  fuch  as  ex- 

u  4  tcnfivc 
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tenfire  continents,  mountains,  rains,  iflands,  &c. 
which  difturb,  intermpc,  or  totally  change  the  di- 
reftion  of  the  wind.  Hence,  in  thofe  latitudes  north 
and  fouth,  which  are  beyond  the  limits  of  the 
trade- wind,  or  near,  the  coafts,  the  winds  are  very 
uncertain;  nor  has  any  good  theory  been  as  yet 
fornied  refpefting  them  :  I  (hall,  however,  proceed 
to  enumerate  the  fafts  which  have  been  afcertain- 
cd,  and  to  mention  the  moft  plaufible  elucidations 
of  the  caufcs  upon  which  they  may  depend*. 

2*  In  fome  parts  of  the  Indian  ocean  there  are 
winds  which  blow  one  way  during  one  half  of  the 
year,  and  then  blow  the  contrary  way  during  the 
other  half  of  the  year.  Thofe  winds  are  called 
Monfoonsy  and  are  explained  ia  the  folio wiog 
manner. 

It  is  faid,  that  as  the  air  which  is  cool  and  denfe, 
will  force  the  warm  rarefied  air  in  a  continual  ftrcam 
upwards,  there  it  muft  fpread  itfclf  to  prefcrve  the 
equilibrium.  Therefore  the  upper  courfe  or  cur- 
rent of  air  muft  be  xrontrary  to  the  under  current j 
for  the  upper  air  muft  move  from  thofe  parts 
where  the  greateft  heat  is  5  and  fo,  by  a  kind  of 
circulation,  the  N.E.  trade- wind  belaw  will  be  at- 
tended with  a  S.W.  above;  and  a  S.E.  below, 
with  a  N.W.  above. 


•  Thofe  particulars  have  been  colle£led  principally  by 
Mr.  Robertfon.  ,See  his  Elements  of  Navigation,  B.  VU 
Sea.  VL 
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4.  In  the  Atlantic  ocean,  near  the  coafts  of 
A^frica,  at  about  300  miles  from  the  (hore^  between 
the  north  latitudes  of  lo*.  and  q,%\  feamen  con- 
Hantly  meet  with  a  frcfli  gale  ofJ^I.E.  wind. 
.  5.  Acrofs  the  Atlantic  ocean,  on^  the  American 
Sde  of  the  Caribbee  iflands,  it  has  been  obfcrved, 
:hat  the  above-mentioned  N.  E.  wind  becomes 
latterly,  or  feldom  blow^  more  than  a  point  from 
the  eaft  on  either  fide  of  it. 

6.  Thcfe  trade  winds  on' the  American  fide  arc 
often  extended  as  far  as  the  32*  degree  of  N. 
latitude,  which  is  about  4*  farther  than  their  ex- 
tenfion  on  the  African  fide.  Alfp,  on  the  foudi-fidc 
of  the  equator  the  trade  winds  extend  3%  or  4* 
farther  towards  the  coaft.  of  Brafil  on  the  American 
fide,  than  they  do  near  the  Cape  of  Good  Hope,  or 
African  fide. 

7.  Between  the  latitudes  of  4%  N*  and  4'.  S. 
the  wind  always  blows  between  the  fouth  and  ealt. 
On  the  African  fide  the  winds'  are  nearcft  to  the 
(buth  i  and  on  the  Am.erican  fidr,  neareft  to  the 
caft.  In  thefe  feas  Dr.  Halley  obfervcd,  that  when 
the  wind  was  eaftward,  the  weather  was  glopmy, 
dark,  and  rainy,  with  hard  gales  of  wind  i  but  when 
the  wind  turned  to  die  •  fouthward,  the  weather 
generally  became  ferene,  with  gende  breezes  ap- 
proaching to  a  calm.  Thefe  winds  are  fomcwhat 
changed  by  the  feafons  of  the  year  j  for  when  ihc 
furt  is  far  northward,  the  Brafil  S.E,'  wind  gets 
to  the  fcuti>  and  the  N.E.  wind  to  the  £«  i  and 

when 
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when  the  fun  is  far  fouth,  the  ?•  E.  wind  gets  fo  the 
£.  and  the  N.E.  wind  on  this  fide  of  the  eqyator 
goes  more  towards  the  north, 

8.  Along  the  coaft  of  Guinea,  from  Sierra  Leon 
to  the  ifland-  of  St.  Thomas  (under  the  equator) 
which  is  above  1500  miles,  the  fouthcrly  and  fouth- 
weft  winds  blow  perpetually.  It  is  fuppofed  that 
the  S.E.  trade-wind,  having  pafled  the  equator,  and 
approaching  the  guinea  coaft  within  240  or  300 
miles,  inclines  towards  the  (bore,  and  becomes  S. , 
then  S.E. ,  and  gradually,  as  it  conies  near  the  land, 
it  inclines  to  fouth,  S.S.W.  and  clofe  to  the  land  it 
is  S.W.  and  fometimes  W.S.W.— This  trad  is 
fubjed  to  frequent  calms,  and  to  fudden  gufts  of 
wind  dalled  tornadoes j  which  blow  from  all  points  of 
the  horizon. 

The  wcfterly  wind  on  the  coaft  of  Guinea  is  pro- 
bably owing  to  the  nature  and  fituation  of  the  land, 
which  being  greatly  heated  by  the  fun,  rarefies  the 
air  exceedingly ;  hence  the  cooler  and  heavier  air 
from  over  the  fea  will  keep  rufhing  in  to  reftore  the 
equilibrium. 

9.  Between  the  latitudes  of  4"  and  lo"*  north, 
and  between  the  longitudes  of  Cape  Verd,  and  the 
eaftermoft  of  the  Cape  Verd  Ifles,  there  is  a  traft  of 
ICii,  which  feems  to  be  condemned  to  perpetual 
cahns,  attended  with  terrible  thunder  and  lightnings, 
and  llich  frequent  rains,  that  this  part  of  the  fea  is 
called  the  Rains.     It  is  faid  that  ftjips  have  fomc- 
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times  been  detained  whole  months  in  (ailing  through 
thcfe  fix  degrees- 

The  caufe  of  this  feems  to  be,  that  the  wefterly 
winds  fctting  in  on  this  coaft,  and  meeting  the 
general  eaftcrly  wind  in  this  traft,  balance  each 
other^  and  caufe  the  calms ;  and  the  vapour  carried 
thither  by  the  hotteft  wind,  meeting  the  cooled, 
is  condenfed,  and  occafions  the  very  frequent 
rains, 

ro.  Between  the  fouthern  latitudes  of  lo**,  and 
30^  in  the  Indian  ocean,  the  general  trade-wind 
about  the  S.E.  by  S.  is  found  to  blow  all  the  year 
long  in  the  fame  manner  as  in  the  like  latitude  in 
the  Ethiopic  ocean:  and  during  the  fix  months 
fromi  May  to  December,  thefe  winds  reach  to 
within  two  degrees  of  the  equator';  but  during  the 
other  fijc  months,  from  November  to  June,  a  N,W, 
wind  blows  in  the  traft  lying  between  the  latitudes 
of  3'.  and  lo®.  fouth,  in  the  meridian  of  the  nordi 
end  of  Madagafcar ;  and  between  the  latitudes  of 
2*.  and  1 2^  fouth,  near  the  longitude  of  Sumatra 
and  Java. 

II.  In  the  tradl  between  Sumatra  and  the 
African  coaft,  and  from  3"*  of  fouth  latitude  quite 
northward  to  the  Afiaftic  coafts,  including  the 
Arabian  fea  and  the  gulf  of  Bengal,  the  Monfoons 
blow  from  September  to  April  on  the  N.  E.  and 
from  March  to  Oftober,  on  the  S.W.  In  the 
former  half-year  the  wind  is  more  fteady  and  gentle, 
and  the  weather  clearer  than  in  the  latter  half-year. 

Alfo 
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Alfo  the  wind  is  ftrongl^r  and  ftcadier  in  the  ArabiaO' 
fta  than  in  the  gulf  of  Bengal* 

12.  Between  the  ifland  of  "Madagafcar  and  the 
cpaft  of  Africa,  and  thence  northward  as  far  as  the 
equator,  there  is  a  trad,  in  which,  from  ApriJ  tcj 
October,  there  is  a  conftant  frcfli  S.  S.W.  wind, 
which  to  the  northward  changes  into  the  W.S.W. 
wind,  blowing  at  the  fame  time  in  the  Arabian 
fea. 

13.  To  the  eaftward  of  Sumatra  and  Malacca 
on  the  north  fide  of  the  equator,  and  along  the 
coafls  of  Gambodia  and  China,  quite  through  the 
Philippines  as  far  as  Japan,  {he  Monfoons  blow 
northerly  and  foutherly ;  the  northern  fctting  in 
about  Oftober  or  November,  and  the  fouthcm 
about  May.  Thefe  winds  are  not  quite  fo  certain 
as  thofe  in  the  Arabian  fea. 

14.  -Between  Sumatra  and  Java  to  the  weft,  and 
New  Guinea  to  the  eaft,  the  fame  northerly  and 
foutherly  winds  are  obfcrved  5  but  the  firft  half- 
ye^r  Monfoon  inclines  to  the  N*  W.  and  the  latter 
to  theS.E.^-Thefe  winds  begin  a  month  or  fix 
weeks  after  thofe  in  the  Cbinefe  feas  fct  in,  and  are 
qu^te  as  variable. 

15.  Thefe  contrary  winds  do  not  (hift  from  one 
point  to  its  oppofite  all  at  once.  In  fomc  places  the 
time  of  the  change  is  attended  with  cahns,  in  others* 
with  variable  winds.  And  it  often  happens  on  the 
fliores  of  Coromandel  and  China,  towards  the  end  ' 
t)f  the  Monfoons,  that  there  arc  moft  violent  ftorms, 
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grcady  rcfcmbling  the  hurricanes  in  the  Weft  Indies, 
when  the  .wind  is  fo  vaftly  ftrong,  that  hardly  any 
thing  can  refift. ITS.  force* 

1 6*  The  irr^ularitics  of  the  wind  in  countries 
which  arc  farther  from  the  equator  than  thofe 
which  have  bcert  mentioned  above,  or  nearer  to  the 
poks  of  the  earth,  are  fo  great  that  no  particular 
period  has  as  yet  been  difcovcred,  excepting  that  in 
particular  phces  certain  winds  are  more  likely  to 
blow  than  others.  Thus  at  Liverpool  the'  winds 
arc  faid  to  be  wcfterly  for  near  tWo  thirds  of  the 
year  5  in  the  fouthern  part  of  Italy  a  S.  E.  wind 
{called  the  fchirocco)  blov/s  more  frequently  than 
any  other  wind,  &c. 

17.  The  temperature  of  a  country  with  rc(pe6t 
to  heat  or  cold,  is  increafed  or'  diminifhed  by 
winds,  according  as  they  come  from  a  hotter  or 
colder  part  of  the  world.  The  north  >and  north - 
cafterly  winds,  in  this  country  and  all  the  weftern 
parts  of  Europe,  arc  reckoned  cold  and  drying 
winds;  They  are  cold  becaufe  they  come  from  the 
frozen  region  of  the  north  pole,  or  over  a  great 
trad  of  cold  land.  Their  drying  quality  is  derived 
from  their  coming  principally  over  land,  and  from 
a  well  known  property  of  the  air,  namely,  that 
warm  air  can  diflblve,  and  keep  diffolved,  a  gre^tea 
quantity  of  water  than  colder  air :  hence  the  air 
which  comes  from  colder  regions  being  heated  over 
warmer  countries,  becomes  a  better  folvent  of 
moifture>  and  dries   up  with  greater  energy  thq 
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tnoift  bodies  it  comes  in  contaft  with ;  ahd^  On  die 
other  handj  warm  air  coming  into  a  colder  region 
depofits  a  quantity  of  the  water  it  kept  in  folutioni 
and  occaTions  mtfls,  fogs^  clouds^  rains^  &c.  *^  In 
"  ikioxty*  Jays  Col.  Roy^  "  the  winds  feem  to  be 
•*  drier,  denfcr,  and  colder,  in  proportion  to  the 
**  extent  of  land  they  pafs  over  from  the  poles  to- 
"  wards  the  equator ;  but  they  appear  to  be  more 
**  moid,  -  warm,  and  light,  in  proportion  to  the  ex- 
tent of  ocean  they  pafs  over  from  the  equator 
towards  the  poles.  Hence  the  humidity,  warmth, 
*^  and  lightnefs,  of  the  Atlantic  winds  to  the  inha- 
*-  bitants  of  Europe.  On  the  eaft  coafts  of  North 
"  America  the  feverity  of  the  N#  W.  wind  is  uni- 
*^  verlally  remarked  ;  and  there  can  fcarccly  be  a 
i^  doubt,  that  the  inhabitants  of  California,  and  other 
**  parts  on  the  weft  fide  of  that  great  continent, 
"  will,  like  thofc  on  the  weft  of  Europe,  feel  th© 
"  ftrong  effeds  of  a  N.  E,  wind." 

i8.  In  warm  countries  fometimes  the  winds, 
which  blow  over  a  .great  traft  of  highly  heated 
land,  become  (b  very  drying,  fcorching  and  fufFo- 
eating,  as  to  produce  dreadful  efFcdts.  Thefc 
winds  under  the  name  of  SolanoSy  are  often  felt  in 
the  defcrts  of  Arabia,  in  the  neighbourhood  of  die 
Perfian  gulph,  in  the  interior  of  Africa,  and  in  feme 
other  places*.     There  are  likewife  in  India,  part 


♦  See  the  Abbe  Richard's  Nat.  Hift.  of  the  Air  and  Mctcoi^. 
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of  China^  part  of  Afncaj  and  eliewherCj,  oth^r 
winds»  which  depolic  to  much  warm  moifture  as  to 
ioficn,  and  a£tually  to  diflfolve  glue,  falts,  and  almoft 
tycry  article  which  is  foluble  in  water. 

1 9.  It  is  impoflible  to  give  any  adequate  account 
[>f  irregular  winds^  efpecially  of  thofe  fudden  and 
iriolent  gufts  as  come  on  at  very  irregular  periods^ 
and  generally  continue  for  a  fliort  time.  They 
Ibmctimes  fpread  over  an  extenfive  traft  of  country, 
ind  at  other  times  are  confined  within  a  remarkably 
narrow  fpace.  Their  caufes  are  by  no  means 
rightly  underftood,  though  they  have  been  vaguely 
utributed  to  peculiar  rarefactions,  to  the  combined 
attractions  of  the  fun  and  moon>  to  earthquakes^'  to 
slc(ftricity,  &c.  They  are  called  in  general  burri-* 
;ancSi  or  they  are  the  principal  phenomenon  of  a 
burricane^  that  is^  of  a  violent  ftorm. 

Almoft  every  one  of  thofe  viplcnt  winds  is  at- 
tended with  particular  phenomena^  fuch  asdroughtsi 
or  heavy  rains,  or  hail,  or  fnow,  or  thunder  and 
lightning,  or  feveral  of  thofe  phenomena  at  once. 
They  frequently  Ihift  fuddenly  from  one  quarter 
of  the  horizon  to  another,  and  then  come  again  to 
the  former  point.  Jn  this  cafe  they  are  called 
tornadoes. 

Several  years  ago  fome  general  charadters  of 
prognoftics  of  hurricanes  were  collected  by  Capt. 
Langfbrd,  which  feem  not  to  have  been  materially 
contradifted  by  fubfequent  obfervations.  See  his 
Paper  in  the  PhilofophicalTranfaftions  Abridged, 

vol. 
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to!.  II.  p.  TO 5,  from  which  I  have  tranferibcd  the 
following  five  paragraphs. 

"  All  hurricanes  <:ome  cither  on  the  day  of  the 
«^  full,  change,  or  quarter  of  the  moon/* 

.^  If  it  will  come  on  the  full-nioony  you  being  in 
^  the  change,  then  obfcrve  thofe  figns/' 

^*  That  day  you  will  fee  the  Ikies  very  turbu- 
•»  lent,  th^Tuh  more  red  than  at  other  times,  a 
•*  great  calrti,  and  the  hills  cle^r  of  clouds,  or 
«  fogs,  &c." 

•*  It  is  to  be  obfcrved,  that  all  hurricanes  bcgih 
•*  from  the  north  to  the  weft  ward,  and  on  thofe 
^  points  that  the  eaftrrly  wind  doth  mod  violently 
*•  blow,  doth  the  hurricane  blow  moft  fiercely 
«  ag^inft  it  J  for  from  the  N.  N.  E.  to  the  E.S.E. 
««  the  eaftcrly  wind  bloweth  frefheft ;  fo  doth  the 
**  W.N.W-  to  theS.S^W.  in  the  hurricane  bloir 
•*  moft  violent ;  and  when  it  comes  back  to  the 
^  S.E.  which  is  the  common  courfe  of  the  trade- 
**  wind,  then  it  ceafcth  of  its  violence,  and  To 
•*  breaks  up.** 

"  In  a  tornado,  the  winds  come  on  feveral 
"  points.  But  before  it  comes  it  calms  the  con- 
•*  ftant  eafterly  winds ;  and  when  they  are  paft,  the 
**  eafterly  wind  gathers  force  again,  and  the  weather 
•'  clears  up  fair." 

Thofe  obfcrvations  were  intended  for  phcei 
within,  or  not  far  from  the  torrid  zone,  and  prin- 
cipally for  the  Weft-India  iftarids,  which  are  fre- 
quently vifitcd  by  hurricanes. 
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ao.  When  the  gufts  of  wind  come  from  differ- 
ent quarters  at  the  fame  time>  and  meet  in  a  certain 
place,  there  the  air  acquires  a  circular^  or  rotator}^ 
or  fcrew-like  motion>  either  afcending  or  defcend- 
ing,  as  it  were^  round  an  axis,  and  this  axis  fome- 
dmes  is  ftationary,  and  at  other  times  moves  on 
in  a  particular  direftion.  This  phenomenon,  which 
is  called  a  whirlwind,  gives  a  whirling  motion  to 
duff:,  fand,  water,  part  of  a  cloud,  and  fometimes 
even  to  bodies  of  great  weight  and  bulk  i  carrying 
them  either  upwards  or  downwards,  and  laftly  feat- 
ters  them  about  in  difTcrent  diredtions. 

The  water  Jpout  has  been  attributed  •  principally, 
if  not  entirely,  to  the  meeting  of  different  winds. 
In  that  cafe  the  air  in  its  rotation  acquires  a  centri- 
fugal motion  (fee  p.  138  of  part  I.)  j  whence  it  en- 
deavours to  recede  from  the  axis  of  the  whirl,  in 
confe^uejice  of  which  a  vacuum,  or,  at  leaft,  a  con- 
fiderable  rarefaftion  of  air,  takes  place  about  the 
axis,  and,  wjien  the  whirl  takes  place  at  fea,  or 
upon  water,  the  water  rifcs  into  that  rarefied  place  % 
(or  the  fame  reaibn  which  caufes  it  to  afcend  into 
the  exhauffed  tube  (fee  page  205  of  this  part),  and 
forms  the  water-fpout  or  pillar  of  water  in  the  air : 
yet  the  various  appearances  of  water  fpouts  do  not 
feem  to  be  quite  reconcilable  to  the  above  men- 
tioned theory.— Some  -ingenious  perfons  have  con- 
sidered the  water  (pout  as  an  eleftrical  phenome- 
nons   having  obferved,  that  thunder  clouds  and 
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lightnings  have  been  frequehtly  feen  about  the 
places  where  ^ater  fpouts  appear,  and  likewife  that 
by  means  of  artificial  eleftricity,  a  water  fpout  niay 
in  fomc  meafure  be  imitated.  But  it  muft  be  ob- 
fervedj  that  the  lightning  and  other  eleftrical  phe- 
nomena appear  to  be  rather  the  neceflary  confe- 
quence  than  the  cau(e,  of  the  water  fpout ;  it  being 
well  known  that  elcftricity  is  produced  whenever 
water  is  reduced  into  vapour,  or  vapour  is  con- 
denfed  into  water.  We  fhall,  however,  examine 
this  particular  in  another  part  of  thefe  eie- 
ments. 

* 

The  following  arc  the  moft  remarkable  fafts  re- 
lative to  water  fpouts. 

Two,  or  three,  or  more,  water  fpouts  arc  fre- 
quently feen  within  the  (pace  of  a  few  miles,  and 
ftey  are  moftly  feen  at  fea. 

Their  fize  is  various,  not  exceeding,  however,  a 
few  feet  in  diameter;  and  the  fame  water  fpout 
fome times  increafcs  and  decreafes  alternately ;  it 
^fo  appears,  difappears,  and  reappears,  in  the  fame 
place. 

The  water  fpout  fometimes  proceeds  a  little  way 
'from  a  cloud,  or  a  little  way  from  the  fea ;  and 
often  thofe  two  fhort  and  bppofite  fpoOts  arc  not 
only  dircfted  towards  each  other,  but  they  are  a* 
tended  and  meet  each  other. 

When  it  proceeds  from  the  fea,  the  water  about 

the  place  appears  to  be  much  agitated,  and  nfesi 
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fliort  w^y  in  the  form  of  a  jet  or  fpray,  or  fte^m, 
in  the  middle  of  which  a  thick,  well  defined,  and 
generally  opaque,  body  of  water  rifes,  and  proceeds 
to  a  confiderable  height  into  the  atmofphere,  where 
it  is  difCpated  into  a  vapour,  or  it  feems  to  form  a 
cloud. 

•  When  it  proceeds  from  a  cloud, ,  the  clouds 
about  the  fpot  frequently  appear  mych  agitated, 
and  an  agitation,  of  the  water  immediately  under 
the  fpot  is  generally  feen  at  the  fame  time. 

The  water  fpout  is  frequently  feen  to  have  a  fpl- 
ral  or  fcrew-like  motion,  arid  fometimes  is  attended 
with  confiderable  noife. 

Some  of  them  (land  in  a  perpendicular  direftioDj 
others  are  inclined,  and  fome  water  fpouts  form  a 
curve,  or  even  an  angle. 

The  water  fpouts  generally  break  about  their 
middle,    and  the   falling    waters    occafion    great 
damage,  either  to  fhips  that  have  the  misfortune     . 
of  being  under  chcm,  or  to  the  adjoining  land  j 
for  fuch  fpouts  are  fometimes  formed  on  a  lake«  * 
or  river,  or  on  the  fea  clofe  to  the  land. 

Sometimes ' the   water   fpouts   are   feen  where' 
dierc  is  no  appearance  of  whirlwind,  or  where  the 
wind  (at  leaft  to  a  fpedtator  at  fome  diflance)  ap« 
pears  to  blow  regularly  one  way. 

The  oblique  fpouts  *almoft  always  point  from 
the  windi  for  inftance,  when  the  wind  is  N.E. 
the  fpout  will  point  to  the  $•  W*  fig.  20.  of 

,  X  a 
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Plate  Xlll.  rcprefcnts  a  water  fpout  of  the  moft 
complete  form*. 


*  Several  particular  accounts  of  water  (pouts  may  be  feen 
in  v..rious  volumes  of  the  Phil  .fophicai  Tranfadlions,  cfpe* 
daily  in  the  4th  volume  of  Jones's  Abridgment.  Alfo  in 
Fr^klin's  Mircellaneous  Papers;  in  almofi  all  the  accounts 
of  voyages i  and  in  moft  works  upon  Elefiricity, 
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CHAPTER    XI. 

OF   SOUND*    OR    OF   ACOUSTICS. 

I 

rHE  fenfation,    which  we  perceive  through 
the  organ  of  hearing,  is  cMed  found -,  fuch 
the  found  of  a  human  voice,  or  of  the  voices  of 
ler  animals ;  as  the  found  of  a  bellj  or  of  the  ftroke 
a  hammer,  of  the  wind,  amongft  trees,  or  of 
ling  water,  of  an  organ,  &c. 
The  fcience  which  treats  of  found  in  general  is 
led  acoujiics  (from  the  Greek  verb  for  bearing) 
phonics  (from   the  Greek  word  which  means  a 
ice  or  found).     And  mod  of  the  other  terms 
ich  are  ufed  in  treating  of  found,  are  derived 
m  the  abv)ve-mencioned  words  j  ftich  as  diacoU'' 
r,  viz.  of  refrafted  found ;  catacoujiicsy  viz.  of 
edted  found,  or  of  die  echo ;  otacouftics^  ViZ.  of 

means  of  improving  the  fcnfe  of  hearing,  as  by 
ans  of  the  hearing  trumpet,  &c. 
The  body  which  produces  the  found  is  called  the 
rrous  body^  or  founding  body  ;  and  whilll  found- 
,  the  fonorous  boJy  is  evidently,  and  unquefti- 
ibly,  in  a  (late  of  vibration. 
\ir  is  the  only  fubftance  which,  in  common, 
lis  to  ex  id  between  fonorous  bodies  and  our 
J  i  and  it  has  been  obfervcd  that,  ceteris  paribus^ 

found  of  the  very  fame  fonorous  body,  fuch 
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as  a  bell^  a  drum>  &c.  is  louder  or  more  power* 
ful,  and  may  be  heard  farther^  where- the  air  is 
denfer,  as  in  vallies,  than  where  the  air  is  lefs 
denfe^  as  on  the  tops  of  high  mountains.  There- 
fore we  are  led  to  conclude  that  air  is  the  vehicle 
of  found,  viz. .  that  the  fonorous  body  conrununi* 
cates>  a  vibratory  motion  to  the  furrounding  air, 
which  motion  is  gradually  communicated  from  the 
air  next  to  the  founding  body, /to  that  which  is 
more  diftant  from  it,  fomewhat  like  the  waves 
upon  .the  furface  of  water;  until  that  vibratory 
motion  is  communicated  to  the  fenfible  part  of  the 
car.  But  found  is  likewife  conveyed  by  other  bo- 
dies, both  folid^and  fluid ;  as  will  be  (heWn  in  the 
fecjueh 

Infinite  is  the  variety  of  founds  i  for  a  manifeft 
difference  is  to  be  perceived  between  the  voices  of 
any  two  human  beings,  or  between  the  voices  of 
other  animals  \  and  perfons  who  have  accuftomed  ' 
their  ears  to  nice  difcriminations,  can  didinguilh  a 
difference  between  the  founds  of  very  (imilar  mu- 
fical  iaftruments,  viz.  fuch  as  are  confh-u6led, 
tuned  and  ftruck,  to  all  appearance,  perfectly 
alike. 

The  variety  of  founds  arifes  from  three  caufes  prin- 
cipally, viz.  ift,  from  the  greater  or  left  frequency 
of  the  vibrations  of  the  fonorous  bodies ;  adly, 
from  the  quantity,  force,  or  momentum  of  the  . 
vibratiug  particles  which  flrike  the  ear ;  and  3dly, 
from  the  greater  or  lefs  fimplicity  of  the  founds. 

Hence 


•  , 


Hence  are  derived  the  htiiht^  the  ftrengib,  and 
the  q^lity  of  a  found. 

I.  If  you  ftrike  the  ftring  of  a  mufical  inftru- 
Tient,  xj^tti  flop  that  ftring  in  the  middle,  and 
ftrike  one  half  of  it  only,  or  fto{>  any  part  of  it, 
mi  ftrike  the  other  part,  the  fhort  part  wiU  per-^ 
form  quicker  vibrations,  or  what  is  called  a  highec 
tone>  than  the  whole  firing ;  fo  that  the  frequency^ 
of  the  vibrations  produces  high  or  kw^  acute  or 
^aivCi  Jbarp  or  flat y  founds  j  for  the  more  frequent 
the  vibrations  are,  the  higher,  or  more  acute.  Or 
(harper,  is  the  (bund  faid  to  be,  and  vise  verfa. 

a.  ^Tbe  ftrength  of  (bund  arifes  from  the  fpace 
through  which  the  vibrating  parts  move,'  or  from 
the  length  of  the  vibrations ;  it  is  alfo  owing  to 
refledion.  The  vibratory  motion  of  a  founding 
body  is  communicated  fpherically  all  roOnd  the 
body,  and  of  courfe,  like  other  emanations  from  a 
centre;  is  gradually  diminifhed  in  inten(ity,  ac- 
cording to  the  diftance  (fee  page  62.  Part  !,)>♦• 


*  The  decay  of  found,  or  the  diminution  of  its  intenfity, 
has  been  fuppofed  by  D.  Bernoulli,  De  la  Grange,  and  others, 
to  be  nearly  in  the  direct  ratio  of  the  diftances.  But  other 
ingenious  perfons  have  fuppofed  It  to  be  nearly  as  the  fquarei 
of  the  diftances.  Their  reafonings.  and  calculations  ar^ 
e(bbli(hed  on  different  principles ;  but  all  the  particulars 
which  (hould  be  taken  notice  of  in  this  calculation,  are  by 
no  means  known ;  nor  do  we  know  of  any  pradical  method 
^  meafuring  the  inten(ity  of  found, 

X  4  But 
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But  if  that  communication  be.  prevented  on  certain 
fides,  and  be  permitted  to  take  place  on  a  particu* 
lar  fide  only  j  or  if  the  vibrations^which  are  com- 
municated by  the  fame  fonorous  body  to  different 
bodies,  be  reflcfted  from  the  latter  to  a  particular 
place ;  the  found  will  be  heard  in  that  place 
much  louder  than  otherwife.  Hence  arifes  the  eSed 
of  xht /peaking  trumptt^    or  ftent&ropbimc  iube^i 

hence 


*  In  a  fpeaking  trumpet  the  found  in  one  dire^on  is  fjp- 
pofcd  to  be  iiicreafed,  not  fo  much  by  its  being  prevented 
to.fpread  all  round,  as  by  the  reflcd^ion  from  die  (idesx)f  the 
trumpet.  But  as  the  real  adlion  of  the  inflrument,  or  the. 
true  motion  of  the  air  through  it,  is  not  clearly  underftood; 
different  perfons,  according  to  their  particular  concrpcioni 
of  the  cafe,  have  recommended  peculiar  fhapes  for  the  con- 
ftru£Uon  of  fuch  trumpets;  feme  having  recommended  a 
conical  (hape,  others  that  which  is  formed  by  the  rotation  of 
certain  curves  round  their  axes ;  others  again  have  recom- 
mended an  enlargement  or  two  of  the  cavity  in  the  lengdi 
of  the  trum|>et,  &c.  That  which  has  been  more  commonly 
recommended  as  die  bed  figure  for  fuch  trumpets,  is  ge- 
nerated by  the  rotation  of  a  parabola  about  a  )ine  parallel  to 
the  axis. 

A  fpeaking  trumpet  of  the  (hape  moftly  ufcd  by  naviga* 
tors,  is  reprefented  at  fig.  15.  Plate  XIII.  It  is  an  hallow 
indrumerit  of  copper  or  of  tinned  iron-plates.  It  is  open  at 
both  ends;  and  the  narrow  end,  A,  is  fbaped  fo  as  to  go 
round  the  fpealcer's  mouth,  and  to  leave  the  lips  at  liberty 
within  it.  The  edge  of  this  narrow  end  is  generally  co* 
Yered  with  leather  or  cloth^  in  order  that  it  may  more  ef« 

fcawll/ 
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hence  the  cffcft  of  what  are  called  wbifpering 
galkrieSi  or  whiff  ering  domes -,  hence  the  found  of 
a  bell,  or  the  report  of  a  piftol  in  a  room,  produces 
a  much  ftronger  effect  upon  our  ears  than  in  tho 
open  air,  &c. 

3.  A  founding  body  vibrates  in  more  direftion^ 
dian  one  ;  for  inftance,  if  a  body  of  irregular  (hape 
or  Cue  be  ftruck,  the  thin  parts  of  it  will  perform 
their  vibrations  in  different  times  from  thofe  in 


fedually  prevent  the  pafTage  pf  any  air  bet\ycen  die  trumpet 
and  the  face  of  the  fpeaker.  When  a  pciion  applies  his 
fnouth  to  the  narrow  end,  and,  directing  the  tube  to  a  par* 
ticular  pl^ce,  fpeaks  in  it ;  the.  wofds  may  be  heard  much 
farther  and  much  louder  in  the  diredtion  of  the  trumpet,  by 
perfons  who  are  before  it,  than  they  would  without  the 
trumpet.  A  perfon  who  is  not  in  the  diredion  of  die 
trumpet  will  hear  the  found  of  it  both  weaker  and  lefs  dif* 
*  tinA)  in  proportion  as  he  isL  more  or  lefs  diftant  from  the4i« 
|:edion  of  the  found  ;  which  is  the  dire^on  ftraight  before 
die  trumpet. 

The  words  which  are  fpoken  through  a  fpeaking  trumpet 
may  be  heard  much  farther  and  louder,  but  not  fo  diftin£^Iy, 
as  without  the  trumpet 

A  fpeaking  trumpet  has  alfobeen  applied  to  the  mouth  of 
a  gun  or  piftol,  by  which  means  the  explofion  has  been  ren- 
.  dered  audible  at  a  vaft  diftaiice.— Such  contrivances  may  be 
ufed  as  fignal^  in  certain  ca(es. 

See  the  defcription  of  fome  particular  fliapes  of  (peaking 
trumpets  in  the  Philofophical  Tranfadlions,  N*  ij|.i,  or 
Lowtborp's  Abridgment,  vx)l,  L  page  505. 

^  '  which 
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which  the  thicker  parts  perform  their  vibrations ; 
hence  ariie  different  founds  from  the  fame  body  at  the 
lame  time  -,  and  thofe  different  founds  are  greater  in 
number  and  quality,  according  to  the  irregularities  of 
the  founding  body.  The  more  uniform  the  founding 
body  is  in  fhape  and  quality^  the  fimpkr,  more 
iiniform>  and  more  plealing  its  found  is ;  but  pro- 
bably there  is  no  founding  body  in  nature^  which 
emits  a  fingle  found.  However^  when  the  found* 
ing  body  emits  one  predominant  founds  and  the 
concomitant  founds  are  barely  .diftinguilbed,  then 
that  predominant  found  may  be  confidered  as  a 
Jimple found. 

From  the  combination  of  the  above-mentioned 
three  caufes,  the  various  founds  derive  their  dcno^ 
minations  of  bigb^  low,  weak,  barjb,  clear,  rough, 
fmootby  fUafoHty  unpUafant,  cmfufid,  &c. 

The  human  voice  is  capable  of  exprefli/ig  the 
grcateft  variety  of  founds. 

The  vibratory  motion  of  a  founding  body  will 
continue  for  a  longer  or  fhorter  time  after  the 
Ilroke  which  caufes  it  to  vibrate,  according  as  that 
body  is  more  or  lefs-  elaftic ;  as  it  is  thicker  or 
thinner,  &c. 

This   vibratory    motion,   efpectally  when  the 

founding  bodies  are  large  and  powerful,  as  a  large 

bell,  a  large  firing  of  a  mufical  inflrument,  and 

fuch  like,  is  generally  apparent  to  the  naked  eye; 

but  it  may  be  rendered  Hill  more  mamfeft  by 

bringing  a  finger,  or  other  folid/  very  near  their 

furfaces* 

When 
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When  a  ftring  of  uniform  fhape  and  quality  is 
hatched  between,  and  is  fixed  to,  two  (leady  pins» 
IS  A,  B,  6g*  i6»  of  jt'late^XIII.  if  it  be  drawn  out 
>f  its  natural,  or  quiefcent,  pofition  AB,  into  the 
ituation  ACB,  and  if  then  it  be  let  go,  it  will,  in 
ronlequence  of  its  elafticity,  not  only  come  back  to 
ts  pofition  AB  \  but  it  will  go-  beyond  it,  to  the 
Ituation  ADB,  which  is  nearly  as  far  from  AB,  as 
/VCB  was  on  the  other  fide,  and  all  this  motion 
one  way  is  called  one  vibration;  after  this,  the 
fti;ing  will  go  again  nearly  as  far  as  C,  making  a 
fecond  vibration  i  then  nearly  as  far  as  D,  making 
a  third  vibration,  and  To  on$  diminiihing  the  extent 
of  its  vibrations  gradually,  until  it  fettles  in  its  ori- 
ginal pofition  AB. 

It  ieems  natural  that  the  air,  wiiich  is  contiguous 
to  the  founding  body,  muft  receive  the  like  vibra- 
tory motion,  viz.  it  tnuft  be  caufed  to  perform  vi- 
brations of  equal  duration  with  thofe  of  the  found* 
ing  body ;  and  thofe  vibrations,  being  fpread  fuc- 
cefllvcly  through  the  air,  in  their  courfe,  reach  our 
earSf  and  communicate  to  them  the  like  vibrations, 
which  excite  in  us  the  fenfatioh  of  a  particular 
found* 

'  The  air  communicates  the  above-mentioned  vi- 
brations not  only  to  the  organs  of  hearing  ^but  like- 
wife  to  other  folids  in  certain  circumfbnces,  viz*  to 
fuch  folids  as,  if  flruck^  would  emit  a  found  which 
18  either  cxaftly  like,  dr  bears  fome  anategy  to,  that 
of  the  original  founding  body.    Thus  let  the  firing 

of 
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of  a  violin  be  tuned  exadly  like  a  iinnilar  ftring  of 
another  violin ;  fo  that  if  cither  of  them  be  ftruck, 
the  fame  found  may  be  heard.  Place  a  little  bit 
of  paper  upon  the  ftring  of  one  of  the  violini>9  about 
the  middle  of  ic^  and  place  that  inftrument  upon  a 
table  i  let  the  other  violin  be  held  near  it»  for  ia« 
ftance,  within  a  foot  or  cwo>  and  in  that  fituation 
ftrike  the  above-mentioned  ftring  of  the  latter 
violin.  It  will  be  found  that  whilft  this  is  found- 
ing, the  corrcfponding  ftring  of  the  other  violin 
upon  the  table,  will  evidendy  vibrate,  as  is  m^- 
fefted  by  the  bit  of  paper  upon  it. 

In  fliort,  it  has  been  generally  obfcrved,  that  if 
of  two  ftrings,  or  of  two  other  fonorous  bodies, 
which  are  capable  of  performing  their  vibrauons 
in  equal  times,  one  only  be  caufed  to  found,  the 
other  ftring  or  other  fonorous  body  will«alfo  be 
found  to  vibrate,  provided  it  be  not  too  hx  from 
the  firft  mentioned  fonorous  body. 

The  fame  thing,  though  not  in  an  equal  degree, 
will  take  place  if  one  of  the  fonorous  bbdies  be  ca- 
pable of  performing  two,  pr  three,  or  four  complete 
vibrations,  whilft  the  other  is  capable  of  performing 
one  vibration  only,  and  either  of  them  is  c^ufcd  to 
(bund. 

If  one  of  the  ftrings  which  is  put  in  motion,  per- 
forms three  vibrations,  whilft  another  ftring,  whi^ 
is  to  be  fet  a  vibrating  by  the  found  of  the  firft,  can 
perform  only  one  vibration  with  its  whole  length  j 
then  this  laft  ftring  will  divide  itfelf  into  three  vi* 

bradng 
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brating  parts,  and  there  will  be  two  points  at  reft»  as 
may  be  fccn  bv  placing  bits  of  paper  or  other  light 
bodies  upon  different  parts  of  the  latter  firing. 

This  (hews  that  the  vibrations  of  the  founding 
body  are  connmunicated  to  the  air>  and  by  the  air 
to  the  other  fonorous  body.  It  Ihews  likewife,  that 
the  vibrations  of  the  air  muft  be  performed  in  the 
lame  time  as  thofe  of  the  founding  body*.      , 

The 


*  A  ftring,  or  a  body  capable  of  being  put  in  a  (late  of 
vibratton>  as  a  pendulum  at  reft»  may  be  caufed  to  vibrate  by 
the  repeated  application  of  the  leaft  impulfe,  provided  thofe 
impuUes  be  repeated  at  the  expiration  of  fiich  portions  of 
time  as  the  pendulum,  or  other  body,  would  perform  every 
two  of  its  vibrations ;  for  inftance,  if  a  pendulum,  when 
pttt  in  motion^  would  perform  each  vibration  in  one  fe- 
condt  and  of  courfe  ic  woujd  come  to  the  fame  fide  every 
other  fecond ;  then  if,  when  fuch  a  pendulum  is  at  reft,  you 
give  it  an  impulfe  ever  fo  little  (even  a  puff  of  air  from 
your  mouth)  at  the  end  of  every  two  feconds  ;'  the  pendu- 
him  will  ibon  be  feen  to  vibrate.  The  reafon  of  which  is, 
Ibat  from  the  law  of  collifion,  (fee  page  42  of  Plate  I.) 
fiiftce  every  impulfe  muft  produce  a  proportionate  effedl,  the 
firft  impulfe  muft  caufe  the  pendulum  to  move  a  little  out  of 
the  perpendicular,  pr  to  perform  a  fhort,  and  perhaps  an  in- 
viiible,  vibration ;  and  if  no  other  impulfe  were  given,  the 
pendulum  would  by  itfelf  (fee  page  174  of  P.  L)  perform 
mother  vibration  fhorter  than  the  firft,  then  another  ftill 
fliortery  and  u>  od ;  but  by  giving  it  the  fecond  impulfe  at 
the  end  of  the  proper  time,  the  effcS  of  that  impulfe,  con* 
ij;>iring  with  the  natural  motion  of  the  pendulum,  will  enable 
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The  furface  of  water  is  agitated  a  litric  by  tfac 
found  of  a  large  bel]»  or  the  report  of  canon. 
Windows,  wainfcots>  &c»  are  .frequently  cau(rd  to 
vibrate  by  the  found  of  organs,  and  other  lai^ 
inftrumems. 

The  communication  of  the  vibrations  to  the  air 
is  ufuaily  explained  in  the  following  manner.— Let 
the  fonorous  body  be  a  ftring  &fl:ened  tOj  and 
ftrctched  between,  two  fixed  pins ;  (for  whatever 
is  faid  with  refpeft  to  the  vibrations  of  the  ftring, 


it  to  perform  a  longer  vibration  than  it  could  perfbrai 
out  It.     By  the  fame  way  of  reafoning  it  will  appear  tbt 
the  third  impulfc  will  increafe  the  length  of  the  vibntioB 
ft  ill  more,  and  To  on. 

If  the  impulfe  be  repeated  at  the  end  of  every  4,  or  every 
6,  &c.  vibrations;  the  vibration  of  fhe  pendulum  will  alfc 
be  increafed,  and  will  at  laft  become  viftble,  but  not  ib  ef- 
ftSually  as  by  the  repetition  of  the  impujfe  at  every  otbtf 
vibration ;  which  is  fo  evident  as  not  to  require  any  £utbtf 
illuftration. 

If  the  impulfes  be  repeated  not  at  the  proper  intervak 
of  timCj  then  their  action)  inftead  of  confpiring  with  fk 
motion  of  the  pendulum,  will  check  the  little  motioa 
which  was  communicated  to  It  by  the  firft  impulfe,  and  of 
courfe  the  vibration  of  the  pcnJulum  cannot  be  rendered 
vifible* 

Therefore,  whenever  we  find  that  a  certain  body  ti 
caufeJ  to  vibrate  by  the  reiteration  of  a  certain  weak  im- 
pulfe, we  may  conclude  that  fuch  impulfc  has  b*  en  rcpcatci 
at  fach  interv.^ls  of  time  as  the  body  is  capable  of  perfonniflS 
two,  or  fours  &c,  of  its  vibrations. . 

''  ■  ,   .  majr 
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My  "be  applied  to  the  vibration  of  other  founding 
)odtcs)  and  Oy  b^  r>  d^  6tc.  be  a  row  of  aerial  par- 
iides  en  one  fide,  and  in  the  dire£iion  of  the  vibra-^ 
ions  of  die  ftring.  When  this  ftring  is  cauied  to 
ribrate,  the  iirft  vibration  will  drive  the  particle  a^ 
x>^ards  t,  and  of  courfe  i  muft  impel  c  towards 
^  &c«  but  whilft  the  motion  is  thus  communicated 
irom  one  particle  to  the  next,  the  ftring  goes  back 
Awards  the  axis,  or  performs  its  fecond  vibration. 
rhis  removes  the  preffurc  from  a,  i,  &c.  andbefidea 
the  ftring,  by  itsquick  motion,  occafions  a  rarefaction 
It  the  place  where  a  litde  before  it  had  caufed  a 
conden&tion,  in  confequence  of  which  the  particles 
0  and  i  will  recede  a  little  way  from  each  other,  and 
this  ezpanfion  will  gradually  proceed  thl^ugh  the 
idjoining  particles ;  then  again  another  cbndenfa^ 
dgn  on  that  fide  takes  place*  &c.  Thu^  the  fiic- 
oefli ve  waves  or  Ihells  of  condenfed  and  rarefied  air 
fellow  each  other. 

The  bcft  way  of  explaining  the  eroding  of  vari- 
ous founds,  or  of  the  vibrations  which  arifc  from 
ieveral  founds  at  the  fame  time,  may  perhaps  be  by 
ibppofing,  that  the  air  partakes  of  all  the  various  vi- 
brations;  fomewhat  like  the  croffing  of  the  waves 
t)f  water  (fee  p.  158.) ;  viz.  that  each  fliell  of  con- 
denfed and  rarefied  air,  which  is  the  confequence  of 
one  found,  is  itfelf  alternately  condenfed  and  rare- 
£iBd  in  another  direftionj  in  confequence  of  a  fecond 
JQund,  &c. 

The  vibration  of  the  air  cannot  be  ocularly  per- 
ceived. 
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ceived>  except  in  an  imperfect  manner  by  the  very 
fmali  motion  of  die  particles  of  duft,  foioke,  &c. 
which  are  fcen  to  float  in  the  air  in  certain  lights, 
and  which  are  made  to  vibrate  in  a  fmall  degree  by 
the  powerful  found  of  a  large  fonorous  body. 

But  the  explanation  of  the  vibration  of  a  ftretch- 
ed  firing,  which  we  have  given  above  in  a  fimpic 
manner  for  the  fake  of  perfpicuity>  is  far  from 
b?ing  accurate  and  complete.  In, the  firft  place  it 
is  eafy  to  perceive  that  the  ftring,  A  By  fig.  16. 
Plate  XIII.  mud  be  longer  when  it  Hands  in  the 
fituation  ACB,  or  ADBj  than  when  it  &s^lds 
ftraight  between  A  and  B ;  therefore  it  appears, 
that  befides  the  lateral,  there  is  alfo  i  longitudinal, 
vibration,  which  is  capable  of  producing  another 
ibund,  though  not  fo  powerful  as  that  of  the  lateral 
vibration. 

Secondly,  the  firings  of  mufical  inftruments  in 
their  vibrations,  efpcciaily  at  firft,  form  curves 
fomewhat  different  from  each  other,  according  to 
the  different  methods  by  which  they  arc  caufcd  to 
vibrate,  viz.  whether  they  be  ftruck  in  the  middk,  , 
or  clofe  to  one  end  j  whether  by  the  applicadoo  of 
a  finger,  or  a  quil,  or  a  bow,  &c.* 

Thirdly,   ! 


*  The  (hapes  which  the  fame  firing  affumes  in  its  vibn- 
tions,  after  having  been  flruck  by  different  methods,  may, 
in  great  meafure,  be  perceived.  **  Take,"  fays  Dr.  Tiunij 
••  one  of  the  iowefl  firings  of  a  fquare  piaoo  forte,  round 

<*  whidi 
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thii^y,  the  ftring  fbtnetimes  feems  to  divide 
kiclf  into  parcs»  viz»  fome  parts  of  the  ftring 
perform  vibrations  peculiar  to  their  lengths  at  the 
fame  time  that  thef  partake  of  the  general  vibra^ 
dons. 

And,  fourthly,  a  ftring  feldom  continues  long 
to  vibrate  m  one  and  the  fame  plane  ^  but  the 
plane  of  its  vibrations  moves  in  different  diredbions, 
which  are  &r  from  being  regular.  This  deviation 
of  the  plane  of  vibration  from  its  original  (ituatioqy 
may  probably  be  owing  to  the  obliquity  of  the  im^ 
pulfe,  or  to  the  inequalities  in  the  figure  of  the 
ftring,  or  to  the  refiftancc-  of  the  air,  &c«  This 
movenient  of  the  plane  of  vibration  may  be  dif-^ 
ccrned  by  viewing  a  (bunding  ftring  in  the  dire&ion 
of  iu  length. 

If  the  movements  of  a  ftrctched  ftring  be  {o 
complicated  and  uncertain,  one  may  ealily  conceive 
the  difficulty  of  comprehending,  or  of  inveftigating. 


1 1*  I    —        >  ■  ■ 


^  which  a  fine  filvered  wire  is  wound  in  a  (piral  fornix  con- 
'^  trad  the  light  of  a  window }  (o  that,  when  the  eye  is 
^  placed  in  a  proper  pofidon^  the  image  of  the  h'ght  may 
^  appear  fmall)  bright,  and  well  defined  on  each  of  the  con«' 
^  volutions  of  the  wire.  Let  the  chord  be  now  made  to 
^  vibrate,  and  the  luminous  point  will  delineate  its  path, 
^  like  a  burning  cool  whirled  round,  and  will  prefent  to  the 
^  eye  a  line  of  light,  which,  by  the  affiftance  of  a  nucrofcope, 
««  may  be  very  accurately  obfcrved/^  Phil/Tranf.  for  1800. 
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die  movrments  of  other  founding  bodies,  the  greatcft 
part  of  which  arc  vaftly  more  irregular  in  Ibape  and 
quality  than  the  ftrctched  ftring. 

The  vibrations  of  the  air,  wh'ch  are  produced 
by  the  above-mentioned  movements  of  the  fame 
founding  body,  muft  evidently  be  very  complicated 
and  uncertain.  Befides,  even  in  the  (impleft  mode 
of  vibration,  as  that  of. the  firing;  it  is  evident 
that  the  collapfing  of  the  air  behind  it  mufl  occafioa 
another  fort  of  vibration,  befides  chat  which  is 
produced  on  the  fore  part  of  the  firing.  In  fbort, 
it  mufl  be  confelTed,  that  the  real  motion  of  the 
air,  or  its  various  mbvcmcnts,  in  iis  conveyance  of 
found,  are  far  from  being  rightly  underi'rood. 

Mod  fonorous  bodies  not  only  perform  different 
vibrations  at  the  fame  time,  but  they  may  be 
caufed  to  perform  certain  vibrations  and  not  others, 
or  they  may  be  caufed  to  vibrate  at  pleafure  in 
certain  dircftions  more  powerfully  than  in  other 
direftions;  and  that  by  the  different  manner  of 
holding  or  flriking  them.  Thus,  if  a  glafs,  partially 
filled  with  water,  be  flruck  on  the  fide,  it  will  emit 
one  found,  and  if,  inflead  of  that,  you  rub  your 
wet  finger  over  die  edge  of  it,  you  will  perceive  a 
difTercnt  found. 

Mofl  oblong  and  elaftic  bodies  may  be  caufed  to 
'Vibrate  longitudinally  by  means  of.  proper  friftion 
in  the  direftion  of  their  length.  They  may  be 
rubbed  widi  the  finger,  or  widi  any  Iqft  fubflaTice 

over 
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t>v.er  "which  fbme  pounded  rofin.  is  ipread.-  The 
bed  way  of  rubbing  glafs  rods>  is  by  means  pf  a 
wet  rag  beftrewcd  with  fine  fand*. 

The  founds  which  arife  from  the  longitudinal 
vibrations  of  fonorous  bodies^  are  confiderably 
Ugher  than  thofe  which  are  produced  by  the  la-, 
teral  vibrations  of  the  lame  bodies.  The  former 
agree  with  the  latter  in  this>  viz.  that  they  are 
higher  or  lower  inverfcly  as  the  lengths  of  the  fo- 
norous body  J  but  otherwife  a  ytxy  ftriking  dif- 
ference  is  to  be  remarked  between  the  produftion 
of  the  former  and  that  of  the  latter ;  namelyj  that 
the  produftion  of  the  latter  depends  upon  the 
length,  weight,  and  tcnfion  of  the  ftring  or  other 
Ibnorous  body :  whereas  the  former  depend  more 
upon  the  quality  or  nature  of  the  fonorous  body, 
than  upon  its  thicknefs  and  weight.  *^  I  have  ex- 
"  amined,"  fays  Dr^  Cbladni,  **  every  fubftance 
*'  .which  I  could  obtain  in  a  fufficicntly  long  rod- 
like form,  in  regard  to  longitudinal  vibration ; 
for  example,  many  kinds  of  wood  and  metal, 
alfo  glafs,  whalebone,  &c.  The  fpecific  gravity 


«C 
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*  Dr.  Chladni  of  Wittembcrg,  who  has  made  a  very  great 
number  of  experiments  on  the  longitudinal  vibrations  «f 
elaftic  bodies,  lately  contrived  a  mudcal  inftruihent,  which 
he  calls  the  euphony  and  which  cbiififls  of  glafs  rods  difpofcd 
in  a  proper  frame,  which  exprefs  their  founds  by  bein^ 
rubbed  longitudinally.  A  (hort  account  of  this  inftrumcnc 
nay  be  feen  in  the' Phil*  Mag.  vol.  IL  p.  391. 
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*'  makes  no  diflfercnce ;  for  fir^wood^  gla&,  and 
<^  iron,  give  almoft  the  fame  cone>  a;  alfo  brafsy 
<^.  oak»  and  the  (hanks  of  tobacco-pipes  made  of 
**  clay^."* 

Different  bodies  are  more  or  kfs  Ibnorous ;  but 
that  property  does  not  feem  to  be  entirely  depen- 
'dent>  either  upon  their  fpecific  grayity>  or  their  re- 
nacity^  or  even  their  elallicity.  Copper  ieems  to  be 
the  moft  fonorous  of  the  fimple  metals,  then. comes 
filver,  then  iron,  tin,  platina,  gold,  and,  laftly, 
lead,  which  feems  to  be  the  kaft  ibnorous  metallic 
fubftance. 


*  Dr.  Chladni  has  rendered,  in  great  meafure,  apparent  the 
diflferent  forts  of  vibration,  or  rather  the  difFerent  parts  of 
flat  fonorous  bodi^,  which  are  caufed  to  vibrate  by  peculiar 
managements.— -His  method  is  briefly  as  ibUows : 

'  If  you  take  a  pane  of  glafs,  or  a  thin  metallic  plate,  or  t 
piece  of  board,  &c.  and  ftrew  very  light  bodies,  fuch  as  fine 
iand,  over  it.  Then,  holding  it  hori^ntally  between  your 
finger  and  thumb,  you  rub  a  violin  bow  acrois  the  edge  of 
the  plate  \  you  will  find  that  part  of  the  plate  is  thereby 
caufed  to  vibrate,  as  will  be  (hewn  by  the  xnotion  of  the 
fand  ;  and  by  continuing  the  fridtion  of  the  bow,  you  will 
perceive  that  the  fand  will  be  gradually  removed  from  tbe 
vibrating  parts,  to  thpfe  parts  which  do  not  vibrate. 

By  holding  the  plate  in  different  places,  and  by  applying 
two  or  more  fingers  to  it,  and  thicn  rubbing  the  bow  acrofs 
one  part  or  another  of  the  edge,  the  fand  may  be  caufed  to 
afTume  difFerent  forms  (called  vibration  figures)  fuch  as  i 
circle,  an  ellipfis,  a  quadrangle  &c  Sec  the  Phil.  Mag. 
vol.  III.  p.  389. 

The 
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The  communication  of  the  vibrations  from  the 
vibrating  part  of  a  ftretchcd  firing  to  fomc  other 
part  of  \ty  which>  at  firft  fight^  might  be  fuppofed 
to  be  at  refl*!  is  likewife  attended  with  remarkable 
phenomena  ^, 

If  you  divide  a  ftring,  as  AD,,  fig.  17.  Plate  XIIL 
into  three  equal  parts  AB,  BCj.CDj  by  placing 
dots  at  C  and  B;  place  a  bridge,-  like  4t  violin 
bndge  It  B,  alio  place  light  bodies,  fuch  as  fmall 
bits  of  paper^  at  C,  and  at  other  places  of  the  part 
BD  J  thtn  draw  a  violih  bow  over  the  part  AB  ; 
yoy  will  find  that  all  the  bits  of  paper  will  be  thrown 
off  from  the  part  BD,  excepting  the  one  at  C; 
ihewing  that  the  point  C  remains  at  reft,  whilft  the 
rchnainder  of  the  ftring  is  vibrating.— This  point, 
and  all  otiier  points  whereon,  in  fuch  experiments, 
the  bits  of  paper  remain  at  reft,  as  Alio  the 
point  B,  where  the  bridge  Is  fituated,  are  called 
vihration  nodes. 

Divide  the  ftring  AB'  (fig.  18.  Plate  XIII.)  by 
the  points  C,  D,  E,  F,  into  five  equal  parts ;  inter- 
cept, by  means  of  two  bridges,  the  part  DE  j  place 
fmall  bits  of  paper  upon  C  and  P,  as  alio  upon 
other  parts  of  the  ftring ;  then  rub  the  violin  bow 
acrols  the  part  DE,  and  you  will  find  that  all  the 
bits  of  paper  will  be  ftiaken,  except  thofe  at  C 
and  F. 


*  See  Voigt's  Experiments,  in  Gren*s  Journal  de  Pbys, 
voL  !!•  Part  HI, 

yj  Thus,^ 
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Thus,  by  a  proper  divifion  of  the  fWng,  and  br 
intercepting  one  or  ni6re  aliquot  parts  of  it,  &c. 
any  moderate  number  of  vibration  nodes  may  be 
exhibited*.  But  it  muft  be  obferved,  that  in 
thofc  experiments,  the  communication  of  jnotion 
from  the  founding  part  of  the  ftring,  to  the  other, 
may  be  effefted  not  fo  much  through  the  fubftance 
of  the  firing,  as  through  the  air.     See  p.  315. 

In  an  organ  pipe,  and  other  wind  inftrnments,  it 
is  not  the  inftrument  itfclf  that  principally  vibrates ; 
or  rather'  the  found  is  produced  by  the  Vibration  of 
the  column  of  air  within  the  pipe.  In  a  large  organ 
pipe  this  vibration  of  the  column  of  air,  which  is 
fomewhat  longer  than  the  pipe,  may  be  fdt  by 
applying  the  open  hand  to  the  aperture  of  the 
pipe;  But  the  particular  manner  in  which  this 
vibratioa  is  performed,    is  by  no  means   righdy 


•  The  general  rule  for  finding  out  the  number  of  vibra- 
tion nodes,  according  to  any  divifion  of  tho  ftring^  is  as 
follows : 

Suppdfe  the  Aring  to  be  divided  into  n  number  of  parts,  and 
that  the  port  jon,  which  is  intercepted  by  the  bridge  or  bridges, 
confifts  oi .m  number  of  fuch  parts;  exprefs  the  ratio  of  « 
to  m  in  the  loweft  terms;  fubtraft  the  latter  from  the 
former,  and  the  remainder  (hews  the  number  of  vibration 
nodes.  Thus,  in  the  firft  example,  n  fs  equal  to  3,  m  is 
cquaj  to  I,  and  i  being  fubtraftcd  from  3,  there  rcnfianis 
2 ;  fo  that  the  vibration  nodes  are  2,  viz*  one  at  C,  and  the 
other  ftt  D, 

undcrftood. 
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\]oderftood*--Tbc  found  of  the  iame  pipe  may  be 
incre  led  or  diminiihed  in  quantity^  or  in  acutenels^ 
by  f  ipplying  the  pipe  vtfich  different  quantities  of 
air^  and  by  particular  modes  of  blowing*. 

Upon  the  whole  it  appears,  that,  by  certain  ma- 
nagements, the  height  of  a  found  may  be  increafec! 
or  diminiihed;  and,  by  other  managements,  the 
ftrengttK  and  quality  of  the  found  may  be  altered. 
Thus  expert  violin  players  pafs  the  bow  over  the 
llrings  fometimes  very  clofe  to  the  bridges  of  their 
violins  ;  and,  at  other  times,  at  a  greater  diftance, 
or  nearer  to  the  middle  of  the  firings :  by  which 
means,  ceteris  paribus^  they  adually  produce  dif- 
ferent xffcfts. 

It  alfo  appears  that  every  found,  even  thofe  of 
(he  fimpleft  mulical  inftruments,  is  accompanied 
with  other  inferior,  fecondary,  or  Jefs  audible, 
founds  i  and  thofe  fecondary  founds  are  heard  more 
diftmdly  when  the  founding  bodies  are  large  or 
powerful,  and  when  the  principal  found  is  grave 
and  continuate,  than  othcrwife.  —  Hereafter,  in 
Speaking  of  the  founds,  or  of  the  vibrations,  of 
founding  bodies,  we  mean  only  the  vibrations 
which  produce  the  principal  or  predominant  found, 
unlefs  the  contrary  be  mentioned. 

We  Ihall  now  ftate  the  moft  ufeful  fads  and  ;b* 
fervarions  which  have  been  eftabliflied  and  n^ade 

•  See  Dr.  Young^  Experiments,  Phil.  Tranf;  for  i8oo« 
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by  various  ingenious  perfons^  concerning  the  velocitj^ 
intenfity,  communication^  refledion>  and  other  pro- 
perties of  founds  in  general. 

Sound  is  propagated  fucceffively  from  die  found- 
ing body,  to  the  places  which  are  nearer  to  it^  then 
to  thofe  that  are, farther  from  it^  &c. 

A  'great  many  long  and  laborious  calculations 
have  been  made  by  divers  able  philofophera  and 
mathemaricians,  for  the  purpofe  of  deducing  the 
velocity  of  found  through  the  air,  from  the  known 
weight,  elafticity,  and  other  properties  of  air ;  but 
the  refults  of  fuch  calculations  differ  confiderably 
from  each  other,  as  alfo  from  the  refults  of  aftual 
experiments,  which  (hews  eicher  that  the  calcula* 
tions  have  been  eftabKlhed  upon  defe&ivc.  princi- 
ples, or  that  not  all  the  concurring  circumfhinces 
have  been  uken  into  the  account.  Therefore, 
without  mentioning  any  thing  farther  with  re- 
fpefb  to  thofe  calculations,  I  (hall  immediately 
ftate  the  refult  of  authentic  and  iifeful  cxpcri-' 
inents. 

Almoft  every  body  knows^  that  when  a  gun  is 
fired  at  a  confiderable  diftance  from  him,  he  per- 
ceives the  fla(h  a  certain  time  before  he  hears 
the  report  j  and  the  fame  thing  is  true  with  re- 
lpe6t  to  the  ftroke  of  an  hammer,  of  an  hatchet, 
with  the  fall  of  a  (lone,  or,  in  (hort,  with  any 
vifible  aftion^  which  produces  a  found  or  founds. 
Thi$  lime  \vhich  igund  employs  in  its  motion 

through 
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through  the  common  air,  has  been  meafurcd  by 
various  ingenious  perfons.  The  principal  and  more 
general  method  has  been  to  meafure  (by  means 
of  a  flop  watch  or  a  pendulum)  the  time  which 
rlapfes  between  the  appearance  of  the  flafh,  and 
:hc  hearing  of  thfc  report  of  a  gtm  fii'ed  at  a  certain 
ncafured  diftancc  frbm  the  obferver;  for  light 
ravels  fo  faft  through  the  diftance  of  looo,  or 
ioQO  miles,  that  we  cannot  polfibly  perceive  the 
time  J  therefore  we  may  conclude  that  the  explo- 
Son  of  a  gun  take ^  place  at  the  very  fame  moment 
n  which  we  perceive  the  flaOi. 

In  the  firll  place  it  has  been  unanimoufly  ob« 
fcrvcrd,  that  found  travels  at  a  uniform,  rate,  viz. 
that  it  will  go  as  far  again  in  two  feconds,  as  it 
wrill  in  one  fecond  \  that  it  will  go  three  times  as 
&r  in  three  feconds,  or  four  times  as  far  in  four  fe- 
conds, as  it  will  in  one,  and  fb  on.  Therefore,  in 
the  above*  mentioned  manner  of  performing  the 
experiment,  if  the  diftance  ,in  feet)  between  the 
cannon,  and  the  obferver,  be  divided  by  the  num- 
bcr  of  feconds  elapfed  between  the  perccpuons 
of  the  flafli  and  of  the  report,  the  quotient  will  Ihew 
the  rate  of  travelling,  or  how  many  feet  per  fecond 
found  runs  through. 

This  rate  has  been  eflimated  differently  by 
different  perfons,  whofc  experiments  have  been 
performed  at  different  times,  in  different  placcs^^ 
gnd;  with  inftrOments  more  or  lefs  accurate,  viz. 

By 
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Feet 
p6r  Soconc 

(a)  By  Sir  Ifaac  Newton^  at  the  rate  of  .  96^ 

{b)  By  the  Hon.  Mr.  Robarts,  at    -  1300    ' 

{c)  By  the  Hon.  Mr.  Boyle>  at    -    -  1 200 

{d)  By  Mr.  Walker,  at .  -     ^     -    -  133$, 

'{e)  By  Merfennus,  at        •     -     -     ^  1474 

(J)  By  the  Florentine  Academicians  -  114S 

{jg\  By  the  French  Academicians      -  1172 
(Jb)  De  Thury^  Maraldi»  and  4^  la 

Caille   --.---t-r  1107 
(/)'  By  Flamftead,  Halleyj  and  Der- 

bam,  at-------  1142 

\ 

m 

Dr.  Derham,  as  it  appears  from  the  account  in 
atit  Philofophica)  Tranladions,  feems  to  have  made 
the  greateft  number  of  accurate  and  more  diverfi* 
fied  experiments  j  therefore  we  may  take  his  con- 
clufion,  which  coincides  with  thofc  of  Flamftcad 
and  Halley,  as  the  neareft  to  the  truth,  viz.  that, 


{a)  Principia.  B.  II.  Prop.  50. 

{b)  Phil.  Tranf.  n.  209. 

(c)  ElEiy  on  Motion. 

(d)  Phil.  Tranf.    n.  247. 
[c)  Baliftic.  Prop.  39. 

(f)  Exp*',  of  the  Acad,  del  Cimento*  p.  141. 
{g)  Du  Hamcl  Hift.  Acad.  Reg. 
{h)  They  reckoned  it  equal  to  173  toifes,  which  art 

nearly  =  1107   feet    Englifli.     See    Mem.  dc  TAcaA     ^ 
for  1738,  p.  128,  &c.    ^ 

(/ )  Phil.  Tranf.  Jones's  Abrid.  vol.  IV,  p.  396. 

ia 
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in  general,  ibund  travels  uniformly  through  the 
atmolpherical  air  at  the  rate  of  114^  feet  per  fe« 
condj  or  one  nnile  in  little  lefs  than  5  feconds;  at 
Icaft,  this  refult  cannot  differ  from  the  truth  by 
more  than  15  or  10  feet*.  But  it  will  appear  from 
the  following  paragraphs,  and  from  the  difficulty  of 
meafuring  time  to  a  fradioh  of  a  fecond,  that  no 
very  great  degree  of  accuracy  can  be  cxpeSed  in 
meafurements  of  this  fort. 

Derham  obferved,  that  the  report  of  a.  cannon 
Bred  at  the  diftance  of  1 3  miles  from  him,  did  not 
ftrike  his  ear  with  a  fingle  found,  but  that  it  was 
repeated  five  or  fix  times  clofe  to  each  other. 
'*  The  two  firft  cracks,"  be  fays,  **  were  louder 
**  than  the  third,  but  the  lafl:  cracks  were  louder 

"  than  any  of  the  reft. And  bcfidcs,  in 

**  fome  of  my  ftations,  bcfidcs  the  multiplied 
**  found,  I  plainly  heard  •  a  feint  echo,  which  was 
^  refledted  by  my   church,   and  the  houfcs  adja>* 


^  cent." 


'  This  repetition  of  the  found  probably  originated 
&om  the  refie6tion  of  a  fingle  found  from  h'dls, 
^fes,  or  other  objefts,  not  much  diftant  from 
he  cannon.  But  it  appears  from  general  obferva- 
'on,  and  where  no  echo  can  be  fufpefted,  that 
he  found  of  a  cannon,  at  the  dillance  of  10  or  20 
riilest  is  difFs^rent  from  the  found  when  near.     In 


*  According  to  Mr.  Hales,  the  undulation  of  water  is  to 
"^e  motion  of  found  as  i  to  865. 

the 
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the  latter  cafe  the  crack  is  loud  and  inftantaneom, 
of  which  we  cannot  appreciate  the  height  Whereas 
in  the  former  cafe,  viz.  at  a  diftance>  it  is  a  gra\9 
foundj  which  may  |;>e  compared  to  a  deterroiiiate 
mufical  found  ;  and,  inftead  of  being  inltantaneous, 
it  begins  foftiy,  fwells  to  its^greateft  loudncfs,  and 
then  dies  away  growling.—  Nearly  die  faaic  thing 
may  be  obferved  with  refpedt  to  a  clap  of  thunder. 
Other  founds  are  likewife  altered  in  quality  by  the 
diftance. 

Upon  the  whole,  it  appears  that  the  velocity  of 
found  is  exadiy  the  fame,  whether  the  (bund  be 
high  or  low,  ftrong  or  feeble,  whether  it  be  the 
found  of  a  human  voice,  or  the  report  of  a  cannoa 
But  its  velocity  is  fenfibly  altered  by  winds.  If 
the  wind  confpires  wich  the  founds  viz.  if  it  blows 
in  the  direftion  from  the  founding  body  to  the 
hearer,  the  found  will  be  heard  fooner ;  and  if  the 
wind  blows  the  contrary  way,  the  fiiund  will  be 
heard  later,  than  according  to  the  rate  of  i  142  fcct 
per  fecond.  In  (hort,  the  velocity  of  the  wind,  ffl 
the  former  cafe,  muft  be  added  to„  and  in  the  latter 
it  muft  be  fubtrafted  from,  that  of  the  found*.  But 

'the 


•  The  knowledge  of  this  faft  will  enable  us  to  mcafijrt^ 
pretty  nearly,  the  velocity  of  the  wind  in  certain  cafes;  fa 
if  a  cannon  be  fired  at  a  known  diflance  from  us,  the  report 
n-iuft  reach  us  fooner  when  the  wind  blows  from  tbatplice 
to  us,  and  later  when  it  blows  the  contrary  way,  than  it  w& 
7  ia 
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fae  vdocicy  of  the  air  in  the  ftrongcft  wind  is, 
perhapSj  not  equal  to  the  twentieth  part  of  the 
irelocity.  of  found.  . 

Heat  and  cold  feem  to  make  a  very  fmall  aU. 
aeration  in  the  velocity  of  found;  for  found  ap^ 
Kars  to  travel  a  little  failer  in  fummer  then  in 
rinten 

Different  altitudes  of  the  barbmeter,  as  alio 
lifierent  quantities  of  moifture  in  the  air^  feem  to 
xrcafion  a  fmall  alteration  in  the,  velocity  of  found* 
But  it  is  not  in  our  ppwer  to  determine  wh^  fliare 
>fvthe  effeA  is  due  to  each  of  thofe  caufes. 

Upon  die  whole  it  appears^  that  whatever  in- 
creafes  the  elafticity  of  the  air,  accelerates  themotiQn> 
IS  alfo  the  intenfity  of  found,  through  it,  and  vic/t' 
rnrfa.  Or  in  fluids  of  a  determinate  elafticity^ 
ifhatever  increafes  the  dcnfity,-dimioifhes  the  ve- 
locity of  ibund  through  them.  Probably  the  velor 
cities  of  found  through  fuch  fluids,  are  as  the 
fijuare  roots  of  the  denfities.-— Experience  feems  to 
prove,  that  at  diflnsrent  times  of  the  year  (the  influ- 
ence of  winds  being  excluded)  the  velocity  of  found 
may  be  fiifter  or  flower,  not  exceeding  30  feet,  than 
It  the  above-mentioned  mean  rate  of  1 142  feet  per 

lecond.  ■        ^ 

>■  '        t      ■  '    >     '  ■"        II.. 

ncalm  weather  ^^^  therefore,  knowing  in  what  time  it  ought 

K>  reach  us  in  calm  weather,  the  difference  between  that 

;iiiie  and  the  time  obferved  in  the  above-mentioned  cafes  of 

ivindy  weather,  is  the  time  which  the  wind  employs  in  paffing 

through  that  diftance* 

The 
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The  knowledge  of  the  velocity  of  found  through 
the  air,  may  be  applied  to  a  very  ufeful  purpofc, 
viz.  to  the  mcafurement  of  diftances,   efpecially 
when  no  better  method  can  be  ufed  with  conveni- 
cncy.     Thus  we  may  meafure  the  diftance  of  t 
thunder  cloud  by  meafuring  the  time  which  elapfe 
between  the  appearance  of  the  flafti  of  lightaing, 
and  the  report  of  the  cxplofion  or  thunder ;  for  if 
by  looking  upon  a  clock  or  a  watch  with  a  fecond's 
hand,  we  find  that  the  time  elapfed  is  one  fecond, 
we  may  conclude  that  the  explofion  took  place  at 
the  diftance  of  1142  feet  from  usi  if  the  elapfed 
time  be  two,  or  three,  or  any  ottier  number  of 
feconds,  we  may  conclude  that  the  diftance  is  th< 
produft  of  1 142  multiplied  by  two,  or  by  three,  or 
by  the  other  number  of  feconds.     After  the  fanoc 
manner  by  obfcrving  the  flafh  and  the  report  of  a 
gun,  or  the  motion  of  the  hand  which  moves  an  harn- 
mer,  and  the  perception  of  the  found,  &c.  we  may 
determine,  pretty  nearly,  the  diftance  of  a  Ihip,  or 
of  an  iiland,  or  of  a  workman,  &c. 

Air  is  always  around  us,  and  therefore   is  the 

« 

moft  common  medium  through  which  (bunds  arc 
tranfmitted  :  but  founds  may  alfo  be  conveyed  by 
other  bodies,  both  folid  and  fluid,  viz.  by  water,  by 
metals,  by  wood,  by  ftoncs,  by  ropes,  &c.  and  ia 
moft  cafes  moxt  readily  and  perfcdly  than  by  the 
air.     Prot^ably  there  is  no  fubftance  which  is  not  ia 
fome  nieafuic  a  conduftor  of  found  ;  but  found  is 
much  enfeebled  by  pafling  from  one  medium  i^ 
another. 

If 
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If  a  man  flops  one  of  his  cars  with  his  finger, 
tops  the  other  ear  by  prefling  it  againft  the  end  of 
I  long  ftick,  and  a  watch  be  applied  to  the  oppolice* 
nd  of  the  ftick^  or  of  a  piece  of  timber,  be  it  ever 
>  Iong»  the  man  will  hear  the  beating  of  the  watch 
cry  diftindly ;  whereas  in  tlie  ufual  way  through 
le  air>  he  can  hardly  hear  it  from  a  greater  diftance 
lan  about  i  j  feet. 

The  lame  efFe£t  will  take  place  if  he  ftops  both 
is  ears  with  his  hands,  and  re(ls  his  teeth,  his 
:mple,  or  the  cartilaginous  part  of  one  of  his  can 
gainft  the  end  of  the  ftick. — Inftead  of  a  ftlck  he 
lay  ufe  a  rod  of  iron  or  other  ;netal^  a  block  or 
iilar  of  marble,  &.c. 

Inflead  of  applying  the  watch,  a  very  gentle 
ratch  may  be  made  at  one  end  of  a  pole,  or  rod, 
id  the  perfon  who  keeps  the  ear  in  clofe  conxzQi 
ith  the  other  end  of  the  pole,  after  the  above-men- 
Mcd  manner,  will  hear  it  with  great  accuracy. 

Thus  perfons  who  are  not  quick  of  hearing,  by 
>plying  their  teeth  to  fome  part  of  an  harpfi* 
lord,  or  other  founding  body,,  will,  by  that  means, 
r  enabled  to  hear  the  found  much  better  than 
herwife. 

If  a  man  (lops  his  ears  with  his  hands,  then  pa(Ie$ 
e  loop  of  a  ftring  (which  ha^  a  piece  of  metal,  as 
ipoon,  &c.  tied  to  its  extremity)  over  his  head 
id  hands,  and  by  (looping  himfelf  a  hctle,  keeps 
e  end  of  the  (Iring,  with  the  fpoon  or  piece  of 
ctal,  pendant  before  him  ;  on  ftriking  the  fpoon 

againft 
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againft  any  thing,  he  will  hear  a  found  not  much 
different  from  that  of  a  large  bielL— Such  experi- 
ments  are  capable  of  gceat  variety  *. 

Ir  has  been  faid,  that  the  report  of  cannons  fired 
at  Toulon  may  be  heard  at  Monoco^  viz*  at  die 
difVance  of  about  76  jjmiles,  by  a  perfoa  lying  qn 
the  ground ;  but  not  otherwifea^  But  the  pradice 
of -placing  one's  ear  clofe  to  the  gr,ound>  in  order 
to  perceive  the  approach  of  horfesor nien;  or,  in 
Ihort,  for  the  purpofe*  of  Hearing  diftant  founds, 
has  been  obferved  even  amongft  uncivilized  na- 
tions. 

Articulate  founds  may  alfo  be  tranfmitted  through 
folids ;  but  I  mud  own,  they  are  not  perceiv- 
ed  very  diftinftly  by  my  ear.  However,  Dr. 
Chladni,  who  has  made  a  vafl  number  of  expen* 
ments  relative  to  this  fubje£t,  exprefles  himfelf  ia 
the  following  manner : 

"  Articulated  tones  alfo  are  condudied  ex- 
**  ccedingly  well  through  hard  bodies,  as  I  found 
•*  by  experiments  whieh  I  made  with  fomc  of 
•*  my  friends.  Two  perfons  who  bad  (topped 
**  their  ears,  could  converfe  with  each  other  when 
"  they  held  a  long  (lick,  or  a  feries  of  flicks,  be- 
•*  tween  their  teeth,  or  refted  their  teeth  againtf 

them.     It  is  all  the  fame  whether  the  ptrfor 

who  fpeaks  refts  the  ftick  againft  bis  throat  of 


cc 

4C 


♦  See  the  Mem.  of  the  Ac.  of  Turin,  for  1:790  aad  179k 

••hit 
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**  his  breaft,  or  when  one  rcfts  the  ftick  which  he 
'*  holds  in  his  teeth  againft  fome  vepel  into  which 
"  the  other  fpeaks.  The  cfFe<5t  will  be  greater 
**  the  more  the  veflel  is  capable  of  a  tremulous 
**  movemenr.  It  appeared  to  be  ftrongeft  with 
**  glaTs  and  porcelain  vefTels ;  with  copper  kettles, 
*i*  wooden  boxes,  and  earthen  pots,  it  was  weaker. 
••  Sticks  of  glafs,  and  next  fir-wood,  conduced  the 
•'  found  beft.  The  found  could  alfo  be  heard 
**  when  a  thread  was  held  between  the  teeth  by 
"  both,  fo  as  to  be  fomcwhat  ftretched,  Through 
*'  each  fubftance,  the  found  was  modified  in  a 
"  manner  a  linle  different.  By  refting  a  fljck  or 
"  otiierbody  againft  the  temples,  the  forehead,  and 
"  the  external  cartilaginous  part  of  the  ear,  found 
«  is  conveyed  to  the  interior  organs  of  hearing,  as 
"  will  readily  appear  if  you  hold  your  watch  to 
"  thofc  parts  of  another  perfon  who  has  (lopped  up 
«  his  ears.  From  this  it  appears,  as  welt  as  from 
"  the  experiments  relative  to  the  hearing  under 
^'  water,  that  hearing  is  nothing  ctfe  than,  by 
*'  means  of  the  organs  of  hearing,  to  be  fenfible 
•*  of  the  tremulous  movement  of  an  elaftic  body, 
«  whether  this  tremulous  movement  be  conveyed 
"  through  the  air,  or  any  other  fluid  or  hard  body, 
"  to  the  auricular  nerves.  It  is  alfo  cffcntially  the 
f*. fame  whether,  as  is  ufually  the  cafe,  the  found 
1*  be  conveyed  through  the  internal  part  of  the 
f«  ear;  or  whether  it  be  commuriipted  tbroggh 
If  any  9th?r  part  of  the  body.  It  certainly  ^oul^ 
lyOL.  II.  I  *'  feP 


# 

^  be  i9«rth  the  trauUe  to  miake  ^espertments  to 
f^  tnrf  whether  k  tniglic  obt  be  poffiUe  that  deaf  ind 
^  dumb  peipicj  when  the  dcfiocncy  lies  only  in 

• 

f^  the  external  orgaps  of  ^the  ^ear,  the  aurioilar 
^  nerve:  being  perfe6t>  could  not,  by  the  above 
^'  mtthddf  of  confdufking  Ibund,  be  made  to-htar, 
^  diftinftly,  ^NOt6&  articulated^  as  well  as  odicr 
^  founds  *.^ 

The  velocity  with  Which  found  moves  through 
lisXvdki  it  by  no  nieans  known,  nor  does  irfftieni 
likely  •  t0  be  determined;  experhncntaUy  i  ibr  Acb 
experiments  can  only  be  peHbmied  with  federal 
hundi^  lect?  kngth  of  each  particular  fubftancCi 
iPhe  onli^  tbiiig-  whidt  has  beien  tried  relative  to 
this  fubjeA,  is  to  tm^fnait  a  found  through  a  feries 
i^  piMto  of  wo^  |)}aced  in  clofe  contaft  the  fiift 
■with  the  fecond)  the  fecond  with  the  third,  and  lb 
on.  U  was  found  that  found  is  tranfmitted  thixnigh 
wood  &(ler  than  through  air  i  but  it  could  not  be 
determined  how  much  fafter  f- 

Whether 


*  This  has  been  taken  from  the  Phil.  Mag,  for  JiJf 
,^799)  which  contains  the  tranflation  of  rfomc  paflages  ei» 
trafled  from  Dr.  Chladni's  original  work  on  the  longitudinal 
vibrations  of  firings,  &c. 

j*  By  reafoning  and  calculation  it  has  beeiT  deduced,  ttu( 

9  column  ^f  air  in  a  pipe  of  a  certain  length,  open  at  boA 

etid^,  makifcs  ohe  longitudinal  vibration  in  the  fame  time 

'ihaf  found 'Vrould  employ  to  pcrcur  the  fime  leiigtk  <f 

*  9  W 


^ 
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Whether  found  be  tr^rifmkted  at  all  through 
vacuum!  or  not,  is  by  no  means  determined*.  A 
bell  incldfed  in  a  glafs  receiver!  and  caufed  to  fouiidy 
tan  6c  ht^d  lefs  and  lefs,  according  as  thfc  glafs  is 
more  aAd  more  exhaufted  of  air  \  but  though  I 
Jiavc  ufcd  one  of  the  beft  air-pumps  that  wis  evtr 
toAftruded,  and  the  apparatus  which  fupported  the 
bcU'  was  laid  upon  fuch  foft  fubftances  as.  fcemed 
Icaft  likely  to  tranfmit  the  found  through  them  \  yet 
I  codld  never  render  the  found  of  the  bell  quite  un- 
ftudible.  Befides,  it  may  be  fufpeftcd,  that  whrti 
the  glafi  receiver  is  exhaufted  of  air,  the  prcffurc  of 
the  atmofpherci  on  its  outfide  only^  nr:ay  check  id 
great  rteilfure  the  traxifmifiion  of  the  found.  If  it 
be  aftcd  wtiat  can  tranfmit  the  fbund,  or  the  vibra* 
tSAns  of  t!he  bell,  when  the  air  between  it  and  the 
^afi  has  been  removedj  fuppoflhg  that  it  might  be 
entirely  removed  ?  We  muft  undoubtedly  aflcrt 
bor  ignorance  of  it.  But  our  ignorance  of  what  may 
iranfmic  the  found  in  that  cafe^  docs  not  prove  that 

air;   {Riccaii  delle fibre  elafticbe.     Newton's  PrioCt  L.  2. 

j'rop.  50.)  hence  it  may  be  prefumedj  by  analogy,  that  found 
.is  tranfmitted  by  folids  of  a  certain  length  in  the  fame  time 
iji  which  thofe  folids  would  perform  each  of  their  longitudi- 
ikJ  vibrations.  Now  it  has  been  found  that  a  rod  of  ir6fi 
Of  a  certain  length,  wiR  perform  its  longitadinal  vibrations 
snuch  fafter  than  ai^  equal  pillar  of  air;  therefore  it  is 
likbly  that  ibund  will  move  diroogh  iron  much  fafter 
^liani  through  lit^  and  the  fiUhe  thing,  may  be  laid  of  other 
i<is» 

Z  %  the 
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the  found  €X)idd  not  be  heard  if  the  air  wen  entirely 
removed. 

Sounds  diminiib  in  intenfity,  or  they  are  lefs  au» 
dible,  according  as  the  hearers  are  fiirther  from  the 
founding  body  \  but  there  is  no  accurate  method  of 
determining  this  decreafe  *, 

T\ip  fame  found  is  ftronger  in  denfe  than  i& 
thinner  air.  The  a&ual  fell  of  rain,  fnow^  &c  or 
a  good,  deal  of  moifture  in  the  air>  diminiQi  the  in- 
tenfuy  of  found.  In  calm,  ferene  weather,  when 
every  thing  is  quiety  a  found  is  heard  much 
itroQgerj  and  of  courfe  much  farther  than  other* 
mfe.  When  a  fmooth  fur&ce  of  groundf  and 
efpecially  of  water^  Is  mterpofed  between  die 
founding  bgdy  and  the  hearer,  then  founds  may 
be  heard  much  .&rthcr  than  when  water  much  agi^ 
tated,  or  ground  covered  with  houfes,  trees,  &c.  is 
interpofed. 

In  favourable  circumftancea  the  ftrikJng  of  die 
clock  on  the  bell  of  St.  Paul's  church,  in  London, 
has  been  heard  at  Windfor.  It  has  been  faid  that 
with  a .  particular  concurrence  of  favourable  dr- 
cumftahces,  the  human  voice  has  been  heard  at  the 
diftance  of  more  than  ten  miles,  viz.  from  Old 
Gibraltar  to  New  Gibraltar f.  *  The  difchargc  of 
an  ordinary  mulket  can  hardly  e^er  be  heard  farther 


•  See  the  Phil.  Tranf.  for  1800,  p,  120. 
t  Derham's  Phyfico-Thcology,  B.  IV.  chap.  3.    Set 
alfo  the  Phil.  TraiiC  N.  300,  for  morp/adb  of  this  nature. 
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A  fereri  or  eight  mifes ;  but  the  difchasrge  of 
era!  fuch  mufkecs  at  thb  fame  rime  may  be  heard 
m  a  greater  diftancc    The  quick  repetition  of. 

fame  found  may  alfo  be  heard  fomewhat  farther 
n  die  Time  tingly.     In  the  Dutch  war  of  the' 
r  1672,  it  has  been  faid,  that  the  reports  of  can- 
is  were  heard  at  the  diftance  of  200  mQes,  and 
wards. 
it  is  commonly  faid,  that  the  vibrations,  which 

communlr'^ted  to  the  air  by  a  founding  body^ 
3and  fpherically  all  round  that  body  $  and  in  66t 
found  may  be  heard  on  any  fide  of  it ;  yet  cer* 
n  it  i^  diat  the  found  will  not  be  x  heard  with 
ual  force  and  diftindion  in  every  direction  i  and 
I  difference  is  much  greater  with  certain  found- 
;  bodies^  (viz.  when  a  flxong  impulfe  is  given 

the  air  in  a  pardcular  direftion)  than  with 
lenu  The  report  of  a  cannon  appears  louder 
t  perfon  towards  whom  it  is  Bred,  than  to  one 
lated  in  a  contrary  diredtion*.  The  ipeaking 
mpet  throws  the  found  dire£tly  before  its  aper« 
e»  and,  very  little  of  it  can  be  heard  by  perfons 
to  are  out  of  that  diredion  f.    In  windy  weather 

the 


'  Phil.  TranC  for  1800,  p.  iifi. 

\  Upon  this  principle  feveral  curious  contrivances  may 
made;  and  the  fpeaking  of  the  inanimate  figure,  fa(^ 
ided  in  the  air,  Mrhich  was  exhibited  in  London  fome 

z  3  years 


^4^  Of  S^MtJ^  or  ^Ataif/lia. 

the  found  of  a  dift^qt  bell  U  percqv^  (o  iofrcafii 
or  decre^fe  in  loudnefsj  accoi^^  as  die  |via0  alters 


year^  ago,  (|cpejid$  upon  the  fame  principle,    The  qnecha- 

nifm  was  as  follows :  A  wooden  figure  was  fiifpended  in  the 

air  by  me^xA  of  ribbailcis,  in  an  opening  between  two  rooms. 

There  was  a  perforation  about  an  inch  and  a  half  in  diaine« 

ter,  from  the  mouth  to  the  upper  part  of  the  head.     Thil 

aperture  had  an  enlarged  termination  on  the  top  of  the  bead, 

ii^nd  with  the  other  extremity  communicated  with  a  fort  of 

fpeal^ing-trumpet,  which  was  bSktfwd  to  the  mouth  of  tkQ 

jfiigure.    Behind  the  partition  the  axlac^  or  fuQOQl-iikiC 

opening  of  a  tube  was  fituated  diredly  opppfit^  to^  and  at 

s^bout  two  feet  diftance  of,  the  aperture  on  the  head  of  the 

figure.    The  tube  behind  the  partition  was  bent  in  a  coo- 

venient  (brm,  and  a  concealed  performer  applied  either  his 

mouth  or  his  ear  to  the  other  end  of  the  tube.     Now,  iff 

perfbn  applied  his  mouth  to  the  opening  of  the  trumpet,  aad 

fyokc  into  it,  the  found  pailied  from  the  opening  i)n  the  head 

of  the  figure  through  the  air,  to  the  opening  of  the  tuta 

which  flood  fiictiig  it  behind  the  partition  of  the  roomS)  and 

the  perion,  who  applied  his  ear  to  the  farther  opening  of  die 

tube,  would  hear  it  diftinftly  ;  but  other  perfons  in  the  room 

heard  very  littlest  if  at  all,  of  the  faid  articulated  found ;  and 

the  fame  thing  took  place,  when  the  concealed  perfbn  ipokc 

with  his  mouth  clofe  to  the  fanhcfl  end  of  the  tube,  and 

another  perfon  placed  his  ear  clofe  to  the  opening  of  the 

trumpet ;  which  fhcws  that  the  found  pafTcd  almoft  entirely 

in  a  flraight  diredlion,  from  tb?  opening  on  the  licad,  to 

tiie  Dppofite  aperture  of  the  tub%  a^d  vicg  vtrja.    This 

tnade  it  appear  as  if  the  wooden  figun:  itfelf  comprehended 

IvOrdBi  and  returnlsd  au  adu]U4Uc  aniwer* 

to 


its  ftfCBgtfa  «r  itt  diredipa.  An  obQru^o  to  the 
direftion  of  foundsj  is  cvidcorly  inade  by  hills, 
houfeS>  larac  trees,  and  odier  bodies  .of  ^  certain 
extent  I  for  the  found  of  a  diftaiit  beU^  of  a  mili^  of 
the  Waves  of  the  (ea  on  -  the*  fliore,  &c.  majr :  be 
heard  much  better  when  nothing  foUd  i$  interpofed 
between  the  bearer  and  the  founding  bofdy,  than 
dtherwife»  Tbis  may  be  eafily  obferved  by, a  per- 
Ion  walking,  (htpugh  a  town, -when  a  noijEc-^roc^edls 
from  any  of  the  above-mentioned  caufes;  for  he 
win  hmr  the  pdUe  muci)  better  when  he.  cooies;  to 
eke  opening  t>f  a  ftrcet  whif  h  leads  to  the  founding 
{^oe».  than  wbefi  the  houfes  intervene  i.  fo  that  the 
ibund  wbioh'conite  out  of  an  apertpfc,  does  no( 
expaqd  ^>berically  round  that  aperturei.  as. round  a^ 
centres  aiid  this  is  analogous  to  what  has  oeen 
Aid.  wkh  refped:  to  the  diredion  <>f  a  ftjeain  o^ 
wacer^.  wiiich  comes  out  of  an  aperture  (fee  p.  178.)  i 

baticaaiu&:be  confefTcd,  that  we  are  lefs  able  to 

■  •  - 

comprehend  the  real  motion  of  the  air>  than 
diat  of  the  waves  on  the  fur&ce  of  wat^r,  or  that 
ofaftream. 

Sounds  are  alfo  refleded  by  hard'  bodies,  and'chis 
reflection  produces  the  well-known  phenomenony 
called  the  echo  ;  and  others  analogous  to  it. 

If  a  perfon  ftanding  ac  a  certain  diflance  before  a 
high  walii  a  bank,  a  rock,  &c,  utters  a  word  or 
makes  a  noiie,  either  with  his  voice  or  with  an 
hammer,  &c.  he  will  frequendy  hear  a  repedtion 
of  the  word  or  other  noife »  and  the  time  which 

z  4  cTapfes 


eiapfes  betweftt  the  eitprefllion  of  the  (bunj  aftd  ito 
Hcarihg  6f  the  fitnle  again^  is  the  fame  as  found  in 
.  general  ^outd  employ  lA  going  twice  througli  tlie 
diftinci  between  the  man-  and  the  wall>  or  the 
rock,  &c;  for  the  vibtariohs  of  the  air  niuft  go 
n-omi  the  man  to  the  %al]i  and  back  again  i  fo  dial 
if  thb  w^ll  be  1 14!  feet  diRanc,  the  time  elapfcd 
b^Cweiin  ihe  ekpreffion  of  the  founds  and  the  iecond 
djrivd  of  h  to  the^j  wiU  be  twoffecondsi  and 
A  forth.  I  f        .  i    '> 

But  the  fanfre  oHgihAl  ^ouHd^  aiid  the'  repeddon 
6f  it,  which  is  caUed  the  A^fe/'may*  be  bcasd  by 
6ther  ^eribns  (icuated  at  idiSettnt  diftances  both  from 
the  origihai  founding  place,  and  from  the  reflcfiiiig 
WaU»  o^  odier  objctft.  The  effed»  howereft  will 
|i6e  Wifxadly  alike  i  (or  inftance>  thofe-wbaaie 
hfe&He'r'td  the  Wall,  will  hear  die  fcdio  fooner  than 
bthll!l-  pcrfbns  \  thole  who  are  as  far  again  from  the 
hian  who  exp)reflcs  the  Ibund  as  they  are  from  the 
Irefieding  obftade,  when  the  ri^cftiftg  objed  is  it 
iih  e()bal  ditt^nce  from  both,. will  bear  both  die 
original  found  and  the  echo  at  the  lame  time  %  in 
\llrhich  cafe  ihcy  Will  perceive,  as  it  were,  one 
ttbiund  louder  than  they  would  wjthout  the  repe- 
tition. 

But  though  feveral  perfons  in  diflerent  lituauons 
will  hear  the  echo  or  repetition  of  the  fame  found ; 
yet  in  ^  p&ttitrular  dircftion,  the  echo  may  be  heard 
irtuch  beltev  than  in  other  dircAions.  Now,  if  two 
ift^ai^ht  finc«  be  drawn  from  the  centre  xmt  middle  of 

the 


t^  reBeding  fur&cc,  one  to  the^place  whence  the 
origtoal  found,  proceeds,  and  another  in  the  above^ 
mentioned  beft  dire^ion  \  thofe  lines  will  be  found 
to  nnake  equal  angles  with,  or  to  be  equally  in- 
clined to^  that  furfacc.  Hence  it  is  faid,  that  found 
is  r^Bid  hy  cerlam  bodies^  and  that  the  angle  of  n^- 
^fliBicm  is  equal  to  the  angle  of  incidence. 

This  (hews,  thac  though  found  proceeds  from  an 
original  founding  body,  or  from  areflcding  furace^. 
in  every  direftion ;  yet  a  greater  quaptity  of  it  prop 
ceeds  in  fome  particular  diredion  than  in  any  other; 
and  this  is  probably  owing  to  the  original  impuUe 
being  given  to  the  air  in  t)ne  direction  more  forcibly 
than  in  othcrsi  as  alfo  to  the  want  of  perfed  freedom 
of  jpodoB  in  the  aerial  fluid. 

TJiije  fur&Ce  of  various  bodies,  (bllds  as  well  as 
fluidft.have  been  found  capable  of  reflcding  i bunds, 
vie*  the  fides  of  htlls^  houf;^,  rocks,  ibanks  ox  earth» 
die  large  trunks  of  trees,  the  furface  of  water,  efpc- 
cially  at  (be  bottom  of  a  well,  and  fametimes  even 
die  clouds.  It  is  therefore  evident,  that  in  an  eic^ 
tenfive  plain,  or  at  fea,  where  there  is  no  elevated 
body  capable  of  reflefting  founds,  no  echo  can  be 
lieard. 

The  configuration  of  the  furfacc  of  thofe  bodies 
Teems  to  be  much  more  concerned  in  the  produc- 
tion of  the  echo,  than  the  fubftance  itfclf.  A 
fmooth  furface  reflects  founds  much  better  than  a 
rough  one.  A  convex  fur&ce  is  a  very  bad  re- 
fleftor  of  fouadi  a  flat  furface  reflects  it  very  well; 


3^  Of  Smi,  «r  9f  AM^a. 

but  a  frmll  degree  of  cdncarit]%  and  efpecialfy' 
when  the  founding  body  is  in  the  centre,  or  focus> ' 
of  the  concavity^  renders  that  furfbce  a  much  bettei^' 
rcfledtor. 

■ 

Thus  in  an  elliptical  chamber>  if  the  founding 
body  be  placed  in  a  focus  of  the  eUipGs^  that  found 
will  be  heard  much  knider  by  a  perfon  fituited  in 
the  other  focus/  than  in  any  other  part  of  the 
chamber.  In  this  cafe  the  efiVft  isfo  powi^rful^ 
tHat  even  when  the  middle  part  of  the  chamber  b 
wanting,  viz.  when  the  two  oppoGte  elfipticd  fhefis 
dnly  exiftj  the  found  exprefled  in  one  focus  win  be 
heard  by  a  perfon  fituated  in  the  other  fbcus^  but 
hardly  at  all  by  other  pcrfbns*/ 

This  in  fome  meafure  explains  the  effiift  drwhat 
are  called  wb^ering  domesi  wAwbiJpirmggiMef^i 
wherein,  if  a  perfon  fpeaks  pretty  near  the  wrfJ  brf 
one  fide  of  it,  Another  perfon  will  hear  him  difHmft- 
ly  when  he  places  his  ear  pfetry  near  the  waH  on 
the  oppofite  fide.  The  dome  in  St.  PauKs  a- 
thedral,   in  London,    has   this   curious    property^ 


•  If  from  any  point  in  the  circumference  of  an  ellipfili- 
two  lines  b?  drawn  to  the  foci,  thofe  lines  make  equal  angles 
with  the  curve  at  that  point.  Tftis  is  demonftnued  by  all 
the  writers  on  conies.  Therefore,  the  found  which  \^  pro- 
duced in  one  focus  of  a:i  elliptical  chamber,  and  is  reflected 
from  the  wall  to  the  other  focus,  makes  all  the  antics  of  inci- 
dence equal  to  the  angles  of  rcfleftion  rcfpcfii vely.  Hence, 
th:it  focus  is  the  place  where  the  found  is  heard  beft. 

whick 


«  • 


Of  Swti^  tr  if  AcmifiieK  ^47 

whkh  is  genGraUy  fhffwo  to  9J)  enquiring  vifi^ 

^icvtnl  phen^QUQi)^  9My  be  expjainec)  fo  eaGlf 
upon  {he  ^^Yerrnennoned  theory  of  thrvcfleitton 
Oiikundj  fih4(t  they  (iee4  -he  imrcly  mcpciofi^  ta 
tiif  intelligent  reader. 

S^^  fs^iedipg  f«e6^s  .frcquontly  arc  fo  pro* 
pfrly.^tyi^^  wij^  jr?rpr£t  to  diftance^  and  direct 
9^fb  (h^t  A  ^und  profieeding  from  4  oereaia  point» 
in  f^^^e^f^oby  one  furface  •fiFA^.tfam.  by  another 
which  is  ^.litdc  f^dicr  ^^  aferr  which^t.is  rUieded" 
by  ath|r<i  fwfyiC€,  and  <<;>  9A;  or  it  13  ocfic^d  from 
one  fur&ce  to  a  iecond^  from  the  fecond  to  a  thirdj 
from  nbci  thM^tp  ^  fovrdva  &c.  Hcncc^  cchos> 
vhi^  lepcat-  the  fapicibuiKliOr  the  (amc  w^rd^  two 
9^  fkK^  <9  feveral  ^mes  i^ver^  ^e  frequently  cnet 

According  to  the  greater  or  lefs  d^Upcc  frpm 
thf  fpeal^ei^  a.  re^£^ing  ot^fi:  will  retuni  the  echo 
of  Icvera}^  orqf  fewer  fy limbics ;  for  all  the  fylUUei 
louft  be  uttered  befojce  the  echq.of  the  Hrfl  fyliabjc 
reaches  the  ar>  otherwife  it  will  make  a  confuGoo* 
la  a  nuxierate  way  of  fpeaking,  about  ji  fyllables 
arc  pronounced  in  one  fecond^  or  feven  fyllables  in 
two  ieconds*^     ThercforCt  when  an  echo  repeats 

*  From  the  computation  of  fliorc-hand  writers  it  appears 
that  a  ready  and  rapid  orator  in  the  EngliOi  language,  pro- 
nounces from  7000  to  7500  words  in  an  hour,  visi.  about 
120  words  in  a  minute,  or  two  words  in  each  fecond. 
Memoirs  of  Gibbon's  Life« 

feven 


5^9  Of  Sumtit  *r  ^  Actmftitt, 

feven  fjUablesj  the  reflefting  objeA  is  1142  fed 
diilant  s  for  found  travels  at  the  rate  of  1 1 42  feet 
per  fecdnd,  and  the  diftance  from  the:  fpeaker  to 
tbr  refieding  obje6t>  and  agaiA  from  the  latter  to 
ihie  fonMn  is  twite  114a  feet.  When  the  echo 
r^Liirns  14  fylLbles,  the  refle£ting  object  muftbe 
satia  feet  diftant^'  and  f^  on.  A  fitmous  echo  is 
faid  CD  be  in  WoodfVock  Pdrki^'near  Oxford.  It 
repMCft  1 7  fyUableB  in  the  day,  and  id  at  night*. 
Another  (emarkable  echo  is  faid  to  be^on  the  north 
fide  of  Shipley  church/  in  Siiflez.*  It  repeats 
diflindtly,''-m  ^vourable  circumftanCes,  i\  fylla- 

'  Therefore^ the  farther*  the  itAeftihg  furfaoe  i^ 
the  greater  number  of  fyUables  the  ec!k>  will  tt- 
peat ;  but  the  found  will  be  enfeebled  nearly  in  the 
fame  propordon,  and  at  laflTthe  fyUables  cannot  te 
h(-ard  dillin^tly. 

-  When  the  refle6Hng  objeft  is  too  Hear,  the  rcpc* 
tirion  of  the  found  arrives  at  the  ear,  whilft  the 
perception  of  the-  original  found  ftiU  continues,  in 
which  cafe  an  indiitinft  refounding  is  heard.  This 
eflfect  may  be  freqtiently  obfervcd  in  empty  roomsi 
poffages,  &c.  efpccially  becaufc  in  fuch  places  fc* 
vera!  -refleftions  from  the  walls  to  the  hearer,  as 
alfo  from  one  wall  to  the  other,  and  then  to  the 


•  Dr.  Plot's  Nat.  Hi  ft.  of  Oxfordfhiiv, 
t  Harris's  Lex.  Tech.  Article  Echo. 


hearer, 


faeaitTf  dalh  vitlregch  other,  and  incresde  the  in* 
4ifttiiaion. 

If,afih  of  the  vibrations  of  the  air>  which  are..oo# 
cafioned  by  a  certain  founds  be  performed  in  the 
fame  nme  that  found. employs  in  going  from'  the 
founding  body  to  the  walls  of  a  room,  and  thence 
to  the  hearer,  then  the  found  will  be  heard  with 
gitater  force.    In  (hortj  by  aftering  our  fituation 
in  a  room  and  exprefling  a  found,  or  hearing  the 
lound' of  another  perfon,  in  difierent  fituations,  or 
when  different  objefts  kre  alternately  placed  in  the 
room»  that  found  may  be  heard  louder  or  weaker^ 
and  more  or  lefs  di(tin6t.    Hence  it  is,,  that  blind 
perfoost  who  are  under  the  neceifity  of  paying  great 
attendon  to  the  perceptions  of  their  fenfe  of  hearing, 
acquire  the  habit  of  diftinguifhing,  ^from  the  found 
even  i  of  their  own  voices,    whether  a  room  is 
empty  or  ilmiilhed*  whether  the  windows  are  open 
or  ibut;^  and  fomedmes  they  can  even  diftinguifti 
whether  any  perfon  be  in  the  room  or  not** 

A  great 


♦  Thefiimoiis  Dr.N.  SaimderTon^  Profcffor  of  the  Ma- 
thematics  in  the  umvcrfity  of  Cambridge,  who  had  been 
Uiiid  finoe  he  was  one  year  old,  poflefled  fuch  acutenefs  of 
beanif  ,  that,  as  is  related  in  the  account  of  his  life,  «*  By 
^  his  quicknefs  in  this  fenfe,  he  not  only  tfftinguilhed  per- 
^  (bos^  with  whom  he  had  ever  once  converfed,  fo  long  as 
»  to  fix  in  his  memory  the  found  of  dieir  rdce,  but  in  feme 
^  ipeafure places alfo*   .Hepouldjudgeof^ieftzeof  iiroom 


<(    :.a.^ 


.  Agrettdeilof  furnitare  bit  room^  ^^^edftRjrof 

s  foft  kind,  fuch  as  curtains,  carpets,  &o«  diMik  ifl 
fgmx  meafure  the  foundi  ttiAt  are  ptd^ktcHA  U  it; 
fer  diey  hinder  die  frcii  commiiniciCiGfti  of  tlkf  ^ta4 
OOM  of  the  air,  from  imt  part  of  th^  Mxjtti  to  di^ 
odier.  '  , 

The  fitteft  rooms  for  declanifl^6n,  M-*  filf  Atifi^ 
WKt  fiich  at  contain  few  cn-nameht!^  that  obfllrdA  At 
Jbund,  and  at  the  fame  dme  hfkvt  dM  Iteft  edut 
poffible  (.  for  when  they  hMt  one'  of  tAOM  ^eb(ll» 
which  arife  from  cupolasj  aledves,  vatilfe^  ^ilings^ 
tec  the*  repetition  of  one  or  (nofd  founds  oboM^  tt 
the  ear  at  the  fame  dme  that  another  diWA'  fbbiM 
i«athef  it,  which  not  only  fpoilsfhe  feinflef^,  bdt  ninl 
times  out  of  ten  forms  a  difc6rd. 

A  pretty  ftit>ng  and  condrftied^  found  kAffm  dHt 
t9itn  Th(f  llrokes  of  heavy  hamfmriil,  of  aitiNeif, 
&c^  are  apt  to  render  people  dedf,  M  l^aft  for  a 
certain  time.  And  it  has  tye^n  obfervedy  thdt  fome 
perfons  \vho  have  baen  long  expofed  to  the  conri^ 
Ikied  and  confufcd  noife  of  certain  manufa£tcr  s, 
or  of  water-fidls,  or  of  other  noiiy  places,  can  l.,^x 
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^  into  which  be  was  introduced,  of  the  diftance  he  was 
f*  from  the  wall :  and  if  eVer  he  had  walked  over  a  p  ve^ 
.^  mcnt  in  courts,  piazzas,  &c  which  rrtl<;(Sted  a  founds  diid 
<*  was  afterwards  condu£led  tuith^r  .. .  n..  be  could  ^-xady 
*(  teU  whercabouis  iivtbe  walk  ho  w..^  ^^uccd,  merely  by  the 
^  4ote  it  foun4e4" 

whac 


miM  i^ipolkluktQithMn^moA  better  mike  midft  of 

thllt  Mire  thtei  Clft  wbtfTQi:  ' 

V  Tbd  atoenttvc  mdor,  may  nahirallj  caquirc'im 
what  xmttmit  are.  fduadi  conummicated  to  oar  fcn^ 
fynnm^  aod  in.itdiat  maimor  doea  the  car  retcire 
and  'ttaofiiM  thmni  oci  cbc  audkory  nerve ;  bat  to 
dMftfejqueftiQna  I  dm  unable  to  ^ve  any  fatis&dor^ 
mfywr.. .  A  particulbr  defcription  o£th6  intcmali  aa 
veil  as  totemal,  parts  of  the  ear,  noay  be  fi»und  in  a 
variety  of  anatomical  boc^s ;  biK  the  knowiedge  of 
the  conflnidion  does  not  inform  ua  of  the  real  ufe 
of  thofe  parts.  The  form,  of  the  extenoal  part  of 
the  ear  ia  evidently  intended  for  receiving  in  great 
quandty,  and  for  concentradiig  the:  vibratiom  of  the 
air* 

Some  very  remarkable  obfervadons  lately  made; 
rekctme  to  the  ofgan.  of  hearing,  ikew^^  in  a  very 
pointed  manner,  that  the  various  fbnftions  of  thH 
orgaii  arc  fiir  from  bein^  rightly  underflood*.  A 
proper  iovieftigatian  of  the  fubjedt  ia  highly  re- 
conomcndabie  to  every  able  philofophen^-It  might 
doubdefg  improve  the  general  fubjefl  of  acouftic8» 
and  in>  particular  it  might  furnifh  means  of  remedy-* 
ing>  or  of  iikpplying,  the  de&dts  incident. oo  thl^htf- 
man  ear. 

The  only  known  mechanical  method  of  improv* 
ing  that  organ,  when  ic  is  in  a  certain  manner  de- 
fedtive,  is  by  the  ufe  of  the  bearing  trumpet. 


♦  See  Mr.  Aftley  Cooper's  Paper,  in  the  Phil.  Tranf. 
for  1800,  page  i^u 
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Thie  trompec  is  tn  boUoir  conical  tube,  from 
about  8  CO  1 6  inches  in  lengdu  It  b  often  bent  not 
much  unlike  the  letter  C,  excepting  that  in  general 
Che  fmall  end  is  bent  much  lefs  than  the  other*  The 
linall  end  ( whofe  aperture  is  not  above  a  quarter  of 
«n  inch  in  diameter)  is  applied  co  the  ear>  whilft  the 
largo  aperture  (which  is  from  about  a  to  4  indies 
in  diameter)  is  directed  towards  a  (peaker^or  to- 
wards the  founding  body.  By  this  means  the  found 
is  he^rd  Gonliderably  louder,  but  lefsdifttnft. 

Hnring  trumpets  have  been  made  of  various 
fliapesi  though  the  above  (eems  upon  the  whole  to 
be  the  bed  %  but  no  theory  can  at  prefent  detenmoc 
their  moft  advantageous  conftrudion. 

Their  office  is  to  increafe^  not  the  firquency,  but 
rile  momentum  of  the  aerial  vibradons;  and  this  may 
probably  arife  from  thofe  vibradons  paiBng  gradually 
from  the  larger  to  the  narrower  part  of  the  inflru- 
menu  Perhaps  the  vibradons  of  the  air  refleded 
from  different  points  of  the  inftrumeqt^iike  difierenf 
^chos>  reach  the  ear  not  all  precifely  at  the  £imf 
time  y  hence  the  found  is  rendered  louder^  but  lefi 
diftind*  1  ihall  not  however  proceed  to  explain 
l^hat  I  myfclf  do  not  clearly  un4erftanc}. 
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OP   ifUSICAt   SOVNDft. 


ASuccdfion  of  founds  has  been  called  jbG^ 
kdy. 

The  compound  cfic£i:  which  anics  ^m  two 
founds^  ezprelled  at  the  fame  time^  is  qall^  Gm^ 
ftnumce^  or  Diffimance^  according  as  it  produces  a 
pleafing  or  unpleaQng  eficft. 

An  Accprd  i$  the  e^ed  which  arifes.  fromj  or  a 
combinadon  of^  more  than  two  founds  expreflfed  at 
the  fame  time. 

A  fucceffion  of  accents  is  called  Harmotty. 

The  art  which  examines,  difpofes,  and  expreflcs 
founds,  fo  as  to  produce  melo47»  or  harmony, 
pleafigg  upon  the  whole,  is  called  Mufic,  or  the 
JSdiffi^al  Art.  And  the  founds,  which  are  fo  far 
fimple,  determinate,  and  pleafing,  as  to  be  ufed  in 
inqfic,  are  called  Mufical  Sounds. 

It  has  been  faid,  at  the  beginning  of  the  pre-r 
ceding  chapter,  that  the  variety  of  founds  arifes  from 
three  caufcs  principally,  viz.  ift,  from  the  greater 
or  Icis  frequency  of  the  vibrations  -,  adly,  from  the 
quantity,  force  or  momentum  of  the  vibrating 
parts  i  and  jdly,  from  the  greater  or  Icfs  fimplicity 
pf  each  found. 

^oi,  Iff  ^  A  A  clcaf 
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A  clear  idea  of  thofc  differences,  may  be  conceiv- 
ed by  comparing  the,  found  of  a  pretty  large  bell, 
with  that  of  a  firing  of  a  bafe  viol.  Thofe  two 
fbnorous  bodies  may  be  adjufted  fo,  that  each  of 
them  may  perform  the  fame  number  of  vibrations 

in  the  fam6  time.     In  that  cafe  the  founds  g[  thofe 

» 

inftruments  are  (kid  to  be;  of  the  fame  pitch -,  for 
the  pitch  of  a  certain  found,  or  of  the  inftrument 
>iehich  exprefles  that  certain  found,  is  iaid  to  be 
equal  to,  lower,  or  higher  than  the  pitch  of  another 
found,  or  other  fbnorous  body  that  emits  chat 
found,  when  the  firft  fbnorous  body  performs  an 
^cqual,  a  fmaller,  or  a  greater  -  nurober  of  vibra- 
tions than  the  other  fonorous  body  ta  the  fame 
.time. 

But  though  thofe  inftruments  exprefi  the  fame 

-found  with  refped  to  the  pitch ;  yet  the  found  of 

•the  bell  is  much  louder  than  that  of  the  bafe  viol; 

and^  in  fo£b,  the  former  may  be  heard  from  a  much 

greater  diftance  than  the  latter.     This  fhews  the 

fecond  diftindtion  *. 


*  The  greater  or  lefs  ftrongth  of  a  found  <tf  the  fame 
pitch  is  called  by  muficians,  the  forU  and  piano  of  that 
found.  The  well  known  inftrument,  called  the /orte  fianfj 
derives  its  name  from  its  being  capable  of  expreiEng  the 
fame  tones  more  or  lefs  loud ;  whereas  the  harpfichordi 
which  is  like  the  forte  piano  in  every  other  refpcS,  cxprcffis 
its  tones  always  of  the  feme  ftrength. 

'       ^  The 


The  iihird  arifes  frotii-  the  inequalky^  harfhnefs, 
&c.  of  the  found  of  the  bell  .in  comparifon  with 
that  of  the  .bafe  viol  i  for  a  perfoD^  who  is  fuffid- 
endy  near,  and  liftens  with  a,ttention,  will  perceive 
that  the  ibund  of  the  bell  is  attended  with  a  £>rt  of 
undulation,  both  in  pitch  and  (Irength ;  and  is,  be- 
fides,  accompanied  with  one  or  more  fecOndary 
(bunds  i  whereas  the  found  of  the  bafe  viol  is  much 
more  fimple  and  uniform.^ 

There  is  no  method  of  mcafuring  the  quantity  of 
ihe  abovc^^mencioR^  lecond  and  third  diflindions ; 
-excepting  by  the  judgment  of  the  ear,  which  is  va- 
rious and  partial.  One  peribn,  for  inftance^  pre- 
fers the  found  of  a  powerful  organ  to  that  of  a 
violin;  another  prefers  the  latter  to  the  former. 
Otit  likes  the  found  of  a  Prench  horn  above  that 
.of  all  other  mftruments,  and  another  prefers  a 
flute. 

In  general  4t  is  not  from  a  proper  difcrimiiiation, 
but  from  the  various  acutenefs  of  the  ear,  from 
prejudice,  from  faQiion,  from  want  of  difcernmentj 
or  from  miftakeo  ideas,  that  moll  .people  exprefs 
their  liicings  and  diflikings.  Variqus  and  difcordant 
are  the  opinions  of  men  relatively  to  thofe  things 
which  have  ho  fixed  ftandard  of  perfeftion  or  de- 
monftration  i  yet  it  may  be  prefumcd,  cfpccially 
with  refped  to  mufical  founds,  ^  that  whatever 
pleaics  the  .majority^  and  whatever  can  be  endured 
for  a  longer  time  without  difguft,  is  the  beft  xind 
the  ^oll  eligible.    And  there  are  ibme  perfons 

A  A  ^.  who. 
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wlio»  from  ktiowkdget  praAicCj  (cnGbility,  and  a 
]>foper  ule  of  their  r&Jbning  fitcdty,  have  enabled 
chemfelves  to  difcriminace  at  once  between  what 
iB»  and  what  is  not^  more  likely  to  pleafe  the 
mgority,  or  to  be  endured  longer  without  dif- 

guft. 

After  a  long  and  direrfified  experience,  through 
a  confideraUe  feriet  of  years,  it  has  been  found, 
that  certain  founds,  exprefled  in  certain  lucceffionii 
and  in  certain  corhbinations,  are  pleafing  to  mofi 
human  ears.  They  are  of  the  iimpleft  and  mot 
uniform  kind,  neither  .too  loud,  nor  too  feeble;  but 
dificring  from  each  other  in  pitch,  by  certain  fixed 
and  determinate  intervals.— They  are  called  muficd 
fiinnds^  or  tmes. 

Befides  the  human  voice,  feveral  inftrumicntSi 
which  have  been  invented  at  various  times,  and  are 
now  in  ufe,  are  capable  of  exprefling  thofe  mudcal 
founds;  hence  they  are  called  mufical  injhuments, 
and  the  beft  of  them  are  fuch  as  are  capable  of  ex* 
preffing  die  greateft  variety  of  fuch  founds,  efpe- 
cially  with  refpeft  to  the  pitch,  and  of  the  fimpleft, 
as  well  as  of  the  moft  pleaGng  fort 

Upon  fbme  of  thc^e  inftruments,  fuch  as  the 
harpfichord,  forte  piano,  the  organ,  the  guitar,  &c. 
die  pitch  of  each  tone  is  fixt  and  immutable.  In 
others*  fuch  as  the  human  voice,  French  horn, 
violm,  violoncello,  &c.  the  pitch  proper  for  each 
tone,  moft  be  determined  by  the  performer.  The 
iccompliOiment  of  this  tafk  is  very  difficult  >  and 

from 
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Uovci  this  are  the  mufical  performers  iaid  to  have 
a  good  or  a  bad  intcfuUim., 

What  has  been  faid  above  may  fuffice  with  re- 
fyt&  to  the  lefs  definite  qualities  of  fouikls ;  viz* 
ftrength  and  fimplicity.  It  is  now  neceilary  to 
treat  of  the  more  difEcultj  but  more  determinate^ 
quality^  called  the  fitcb^  which  has  already  been 
iaid  to  depend  upon  the  frequency  of  the  vibra- 
tions. 

The  human  voice,  in  its  ordinary  way  of  Q>eak- 
iiig,  generally  changes  its  pitch  by  imperceptible 
intervalSf  or  rather  by  Aiding  a  little  way  up  or 
down.  But  there  are  different  and  confiderable  in* 
tervds  between  the  fxiufical  tones.  Thofe  mufical 
tones  were  perhaps  in  great  meafure  found  out  ex* 
pcrimentally ;  but  they  have  afterwards  been  re* 
duced  to,  and  may  be  expreffed  by  means  o^  ac« 
curate  mathematical  meafurcmcnts.-^The  order^  or 
the  arrangement,  of  thofe  founds  b  called  tht  Jcali 
$fmujic. 

A  voice  or  an  inftrumenti  which  exprefles  thole 
founds  in  a  particular  order  under  certain  refbic^ 
tions,  produces  mufic  i  otherwife  the  tScSt  is  not 
pleaGng,  nor  is  it  called  mufic  The  natural 
iingtng  of  birds  may  exhibit  a  fine  voice  in  certain 
cafes  i  but  it  is  not  mufical,  their  founds  having 
nothing  to  do  with  the  mufical  intervak ;  and«  in 
fad,  the  arrangement  of  their  various  founds  is  by 
no  means  pleafing. 

The  number  of  vibrations  which  may  be  per- 

A  A  3  formed 
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formed  by  a  ft  retched  ft  ring,  when  its  fenfiofl, 
length,  and  weight  are  known,  may  be  afcertaincd 
With  tolerable  accuracy. 

The  number  of  vibrations  of  moft  other  found- 
ing bodies,  cannot  be  afcertained  otherwifc  than  by 
comparing  their  founds  with  thofe  of  ftringed  in- 
ftruments ;  for  the  human  ear  can  judge  with  con- 
fiderable  accuracy  when  the  two  inftruments  are  in 
irnifon,  or  perform  contemporaneous  vibrat-ons,  in 
which  cafe  they  are  faid  to  be  of  jbe faffie  pitch  i 
and  indeed  fome  expert  muficians  can  determine  bjr 
the  judgment  of  their  ear,  not  only  when  tiVo  founds 
arc  of  the  fame  pitch,  but  alfo  when  they  are  at  a 
certain  diftancc  of  each  othen  Therefore,  in  our 
inVeftigation  and  expreffions  of  muflcal  founds,  it 
will  be  fufficient  to  fpeak  of'ftretched  ftrings  or 
chords  only  i  as  the  founds  of  all  the  other  inftru- 
ments may  be  referred  to  thofe  of  ftrings. 

The  following  particulars  relative ,  to  ftretchcd 
ftrings  have  been  demonftrated  mathematically,  and 
the  demonft ration  will  be  found  in  the  following 
note,  for  the  ufe  of  thofe  readers  who  are  fufficicndy 
flcilled  in  madiematics. 

I.  If  a  ftretched  cylindrical  chord  be  ftruck,  and 
then  be  left  to  vibrate  by  itfclf,  it  will  perform  its 
vibrationsj  whether  large  or  narrow,  in  equal  times, 
and,  of  courfe,  the  found,  though  decaying  gradu- 
ally, yet  continues  in  the  fame  pitch  j  excepting, 
however,  when  the  ftring  is  ftruck  violently ;  for 
in  that  cafe  its  found  is  a  little  higher  at  firft, 
Q  viz* 
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viz.  its  vibrations  are  a  little  more  frequent  at 
firft, 

2.  If  various  (Irings  be  equally  ftretched^  and 
be  of  the  fame  fgbftance  i  or^  in  fhort,  if  cbey  be 
equal  in  every  refpedt,  excepting  in  their  lengths  ; 
then  the  duration  of  a  fingle  vibration  of  each  ftring. 
will  be  as  the  length  of  the  ftring  ;  or  (which  is  the 
&ine  thing)  the  number  of  vibrations  performed  by ' 
each  ftring  in  a  given  time^  will  bejnverfely  as  the 
length  ;  for  inftancc,  if  a  ftring  be  four  feet  long, 
and  another  ftring,  cMtms  faribusy  be  one  foot 
long }  then  the  latter  will  vibrate  four  times  whilft 
the  former  vibrates  once.  Or  if  the  length  of  ^ 
former  be.  to  that  of  the  latter,  as  10  to  3  i  then 
the  vibrations  performed  by  the  latter  .will  be  to 
thofe  that  are  performed  by  the  former,  as  3  to  10 1 
and  fb  on.  Alio,  the/ame  thing  muft  be  under- 
ftood  of  the  parts  of  the  fame  ftring  1  for  i^ftance, 
if  a  certain  ftring  per-form  .8  iybrations  in  a  fe- 
condi  then,  if  that  ftring  be  ftopped  in  the  middle, 
and  one  half  of  it  only  be  caufed  to  found,  then 
that  half  will  perform  j6  vibtations  in  a  fecond. — 
One  third  part  of  the  fame  ftring  will  ptxform  %\ 
vibrations  in  a  fecond;  and  fo  on. 
,  Th2  length  of  the  ftring  is  reckoned  from  one 
bridge  to  the  other,  or  from  one  rcfting  place  to 
the  other;  thus,  in  fig.  19.  Plate  X III.  die 
length  of  the  ftring  is  reckoned  from  R  to  S. 
The  tcniion   of  the  ftring  is  meafured  by  the 

A  A  4  weight 
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Weight  fVj  which  is  fufpended  to  one  end  of  it. 
If  inftcad  of  ftretching  a  ftnng  by  fafpending  a 
Weight  t&  itj  as  indicated  by  the  above-mentioned 
6gure>  the  ftring  be  twifted  round  a  peg^  after 
the  n3anner  comthonly  ufed  in  mbfical  inftni- 
mentSj  then  the  tenfion  (till  muft  be  ekpreffid 
by  a  weight!  nneaning  a  weight  which  may  be 
tapable  of  ftretching  the  ftring  as  much  as  it  ii 
ftretohed  by  turning  the  peg. 

J.  If  various  chords  difier  in  ftnfidn  only ;  then 
the  number  of  vibradons  which  each  of  Aem 
))erfonAs  in  k  given  time,  is  as  the  fqiiare  root  of 
the  ftrcJDching  Weight  Thui^  if  a  chord  be  ftrecdi- 
cd  by  a  wei{^  of  16  poUods,  and  another  chord 
be  ftretched  by  a  weight  of  9  pounds  1  then  the 
(ofttm  will  perform  4  vibradons  in  the  laaie  time 
that  the  latter  performs  3  vibrations. 

4«  If  cylindrical  chords  difier  in  thiiCkhefs  iDoIy} 
then  the  numben^of  vibrations  whith  they  perform 
win  be  inverfelyas  the  diamettrsj  viz.  if  thediame* 
ter  of  a  ehord  be  equal  to  twice  the  diameter  of 
ianother  choid  $  then  the  former  will  perform  oAe 
vibration  in  the  lame  time  that  the  latter  performs 
two  vibrationsi. 

.  5k  By  a  prop^  adjuftmeht  of  the  lengdu,  thick- 
heflesy  ami  ftretching  weights^  diflimilar  chofds 
may  be  caufed  to  perform  any  required  number  of 
Vibrations;  which  is  evidently  derived  from  die 
|>recedihg  paragraphs. 

«.  Tbt 
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^.  The  aftual  number  of  vibrations,  whicH  arc 
perfonned  by  a  given  flrctchcd  chord,  may  be  de- 
termined, without  any  great  error,  by  ufing  the  fol- 
lowing rule  5  provided  the  length  and  weight  of  the 
vibrating  part  of  the  dhord,  as  RS,  6g.  1 9,  and 
likewife  the  ftretching  weight  w,  be'  known. — 
Rule.  Multiply  the  ftretching  weight  by  39, 1 2  inches 
(which  is  nearly  the  length  of  the  pendulum  th^ 
▼ibriites  feconds).  Alfo  multiply  the  weight  of  the 
cbord  by  ia  length  in  inches )  divide  the  firft  pro^ 
duft  by  the  fccond ;  extraft  the  fquarc  root  of  the 
quodeot;  multiply  this  fquare  root  by  3,1416, 
and  this  laft  produft  is  the  number  of  vibrations 
jtliat  are  performed  in  one  fecond  of  time  by  the 
given  chord.— The  refiftance  of  the  air,  as  alfo 
Ibme  other  fluduating  caufes  of  obftru(5tion,.not  be- 
ing noticed  in  this  rule;  it  is  moft  probable  that' the 
real  vibrations'  are  not  quite  fo  numerous  as  they  arc 
l^ven  by  the  rule. 

Ah  exampU  rftbe  abwe-mentmei  rule. — A  copper 
wire  of  3$i5S  inches  in  length,  weighing  31 
jgrains  troy,  was  ftretched  by  a  weight  of  feven 
pounds  avoirdupois,  which  is  nearly  equal  to 
49000  grains.  How  many  .vibrations  did  it  per- 
(anti  in  each  lecond  ? — The  produft  of  49000 
multiplied  by  39,1a  is  1916880.     The  prodUft 

<>f  35*55  *^y  3^*  ^^  1102,05.  If  1916880 
be  divided  by  1102,05,  the  quotient  will  be 
1739,37,    the  ,  fquare  root    of  which  is  41,7  ; 

and 
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and  this  fquarc  root  t)cing  multiplied  by  3,14161 
gives  131  for  the' required  number  of  vibra- 
tions, (i.) 

It 


( I.)  It  is  evident  from  what  has  been  faid  above>  that  bj 
diminifhing  the  tenfion  and  increVjfing  the  length  of  the 
chord,  the  number  of  vibrations  may  be  dtmini(hed  to  fucb 
a  degree  as  to  render  the  Angle  vibrations  difcernible  from 
each  other ;  hence  it  feems,  that  the  vibrations  of  a  chord 
that  expreiTcs  a  certain  tope,  might  be  counted ;  but  in 
pra£Uce  the  performance  of  fuch  experiments  is  attended 
with  very  great,  and  hitherto  unfurmounted,  difficuUies. 
Several  pcrfons  have  tried  the  experiment ;  but  no  decifivc 
refults  have  ever  been  derived  therefrom. 

I  have  attempted  fuch  experiments,  both  with  metallrcand 
with  catgut  firings  of  various  fizes  and  lengths,  as  far  as  17 
feet ;  and  with  various  degrees  of  tenfion,  or  with  various 
ftrctching  weights.  I  have  ufed  thofe  firings  in  the  manner 
of  pendulums,  with  a  weight  faflened  to  the  lower  extre- 
mity i — I  have  alfo  placed  them  horizontally,  after  the 
above-mentioned  manner  of  fig.  19.  Plate  XIII  j  but  the 
effcft  was,  that  when  the  vibrations  were  fewer  than  ten  or 
twelve  in  a  fecond,  which  is  the  greatefl  number  I  can  pof- 
fibly  count  with  tolerable  certainty ;  then  the  found  of  Ac 
chord  was  fo  very.  indiflin£l,  equivocal,  and  encumbered 
with  other  founds,  that  I  could  not  be  certain  of  its  pitch. 
If  by  increafmg  the  weight,,  or  by  fhortning  the  chord,  the 
•Cone  was  rendered  fuiHciently  diftlncl  \  then  the  vibrations 
were  tliereby  quickened  beyond  the  poffibility  of  counting 
them. 

Ncvcrthelefs,  I  fhall.  fubjoin  the  particulars  of  one  of 
thofe  experiments,  which  was  repeated  feveral  times,  both 

'  .  by 
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It  is  now  necefl&ty  to  fpccify  thofe  founds  whiclr 
experience  has  fhewn  to  be  fit  for  mufical  compo-^ 
fition.  And  here  we  fhall  only  fpeak  of  the  pitch> 
which  IS  denoted  by  the  number  of  vibrations  that 

arc 


by  myfeif,  and  in  the  prefence  of  a  very  intelligent  friend; 
hence  it  may  be  prefumed  to  be  as  accurate  as  the  nature  of 
the  fubje£):  can  admit  of. 

'  A  brafs  firing,  fuch  as  is  ufed  for  harpfichords,  was  fuf- 
pendcd  like  a  pendulum,  with  a  weight  of  5  \  pounds, 
(viz.  40250  grains)  at  its  extremity. 

The  length  of  the  firing  was  100  inches.  Its  weight 
1 30  grains ;  when  ftruck  and  fet  a  vibrating,  if  a  piece  of 
paper  was  fet  on  one  fide  of  it,  the  firing  ftruck  the  paper 
about  14  times  in  a  fecond,  as  nearly  as  I  could  pofEbly 
reckon.  And  as  it  would  have  ftruck  a  piece  of  paper  oa 
the  other  fide  as  often  in  the  fame  time,  therefore  it  perform- 
ed z8  vibrations  in  a  fecond. 

But,  by  calculation,  it  ought  to  have  performed  34,56 
vibrations  in  a  fecond. 

When,  inftead  of  5  pounds  and  ^  one  pound  only,  or 
7000  grams,  was  fufpended  to  it,  the  ftring  performed  from 
10  to  II  vibrations  in  a  fecond ;  and  in  fa£l  the  numbers  of 
vibrations  being  as  the  fquares  of  the  ftrctching  weights,  we 
have  40250!}  :  7000)1 :  :  200,6  :  83,6  : :  28  :  1 1,6 }  which 
is  a  pretty  good  agreement.  . 

By  calculation  it  ought  to  have  pcrfornicd  14,3  vibrations 
in  a  fecond. 

Therefore,  it  feems,  that  the  method  of  determining  tlic 
i)umber  of  vibrations  that  are  performed  by  a' ftring  which 
founds  a  certain  tone,  muft  be  derived  from  the  theoretftal 
demonftiation ;  but  the  refult  of  fuch  demonftration  muft 

deviate 
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arc  performed  In  a  given  timet  or  by  Ac  length  of 
the  ftring  which  emits  each  of  thole  founds  i  for  it 
has  been  already  (hewn  that>  when  ftretched  ftrings 
are  alike  in  all  other  reipeds,  excepting  in  their 

lengths, 


deviate  in  a  certain  degree  Arom  the  truth,  principally  on  ac- 
count  of  the  refiftance  of  the  air,  and  of  the  want  of  perfed 
pliability  in  the  chord,  5cc. 

The  ratio  which  the  number  of  vibrations  bears  to  tbe 
weight,  tendon,  length,  &c.  of  the  chord,  has  been  demon- 
ftrated,  with  fome  variation  of  method,  by  fevcral  able 
writers.  Tbe  conclufion  is  always  the  £une«  I  hjive^ 
however,  preferred  Dr.  Taylor's  original  demonftratiozi, 
fuch  as  is  publilhed  in  ttie  Philofophical  Tranfa^ons,  be- 
caufe  it  is  lefe  dependent  upon  oth6r  extraneous  propo- 
fitions,  and  of  courfe  it  may  be  efteemed  the  moft 
concife. 

It  may  be  objected,  that  this  demonftration  does  not  take 
in  all  the  ibapes  which  a  firing,  according  to  the  various 
modes  of  Ariking  it,  afTumesJn  its  vibrations*  But  it  auift 
be  obferved,  that  as,  caUris  paribus^  the  fame  chord,  how- 
ever ftruck^  provided  it  be  not  ftruck  too  violently,  gives  a 
tone  conllamly  of  the  (ame  pitch ;  its  vibrations  muft  be  is 
frequent  when  it  aflfumes  the  fimpleil,  as<  when  it  afliuncs 
any  othe)*,  forsL 

Of  tbi  JMoiion  9f  A  Stretched  Strings  hy  Dr.  B.  T^br. 

PhlL  Tranf.  JV.  337.  9r  Joneses  Abridg.  voL  IF.  p.  391. 

^  Lemma  u  Let  ADFB^  A  A«B,  fig.  i.  Plate XIV. 
l|p  two  curves,  the  rehuion  of  which  is  fuch,  that  die 

ordinstes 
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lengths^  then  die  duration  of  a  fingle  vibradon  of 
each  llring,  is  proportionate  to  the  length  of  the 
firings  or^   (which  amounts  to  the  fame  thing) 
chat  the  number  of  vibrations  performed  hf  each 

ftring 


ordinates  CAD,  E«F,  being  drawn,  it  may  be  CA :  CD 
: :  E  4  :  £  F.  Then  the  ordinates  being  diminiihed  ad 
infinitumf  to  that  the  curves  may  coincide  with  die  axis 
A  B  i  I  £iy,  that  the  ultimate  ratio  of  the  curvature  in  A, 
will  be  to  die  curvature  in  D,  as  C  A  to  CD/' 

^  DiMoti/l.  Draw  the  ordinate  c  id  very  near  to  C  D) 
and  at  D  and  A  draw  the  tangents  D  /  and  A  0,  meeting 
the  ordinate  cd  in  t  2Xki  $•  Then  becaufk  o(ci  :  cd:z 
C A  :  C  Df  (by  hypothefis)  die  tangoits  being  produced 
will  meet  one  another,  and  the  axis  in  the  (ame  point  P« 
Whence,  b^raufe  of  fimilar  .triangles  CDP  and  </P, 
CAP  and  cBF^  it  will  he  cB:  ct :  :C  A:  CD  ::  cii 
td  (byhypodu)  ::  >«:  {cB^c}l)\dt{ci^cd)  But 
Ae  curvatures  in  A  and  D,  are  as  the  angles  of  contaA- 
SA)  and'/Di/;  and  becauie  ^A  and  i/D  coinciding 
with  ^C,  thoTe  angles  are  as  their  fubtenfes  90,  dt\  that 
i^  by  the  proportion  above,  as  C A>  CD.  Therefore, 
Ice    Q^E.D.*' 

<<  Lemma  2.  In  ibme  inftant  of  its  vibratiot\,  let  a 
firing,  ftretched  between  the  points  A  and  B,  fig.  a. 
Plate  XIV.  put  on  the  form  of  any  curve  Ap^rB-,  I 
iay,  that  the  increment  of  the  velocity  of  any  point  ^ 
or  the  acceleration  arifing  from  the  force  of  the  teiifion 
of  the  ftring,  is  as  the  curvature  of  the  ftring  in  the  fame 
point.** 

^  Demonfi.  Conceive  the  ftring  to  confift  of  equal  rigid 
partidcSf  which  arc  infinitely  littlei  as  ^  9,  •  sr,  &c«  and  at 


aU^ 
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firing  in  a  .given  time^  is  inverfcly  as  the  length  of 
the  firing. 

If  you  take  fcveril  firings  prccifcly  of  the  fanac 
fubflance^  the  fame  fornii  and  the  fiime  thickneis, 

and 


the  point  o  ere^  a  perpendicular  ^R^  oqual  to  the  radius 
cf  the  curvature  at  §^  which  let  the  tangents  pt^  v  /,  meet 
in  f,  the  parallds  to  them  tts^  ps^  in  s^  the  chord  pTr'iac^ 
Then  by  the  principles  of  mechanics,  the  abfolute  force  by 
which  the  two  particles  p  o  and  ^^r,  are  urged  towards  R, 
will  be  to  the  force  of  teofion  of  the  firing,  as  st  to  tfi 
and  half  diis  force  by  which  one  particle  ^^  is  urged,  will 
be  to  the  tenfion  of  the  firing,  as  ct  to  tpi  that  is,  (be* 
caufe  of  fimilar  triangles  ctpy  ^pK)  zstp  or  ^^  to  R^ 
or^R.    Wherefore,  becaufe  of  the  force  of  tenfion  being 

given,  the  abfolute  accelerating  force  will  be  as  -^ 

9  K 

But  the  acceleration  generated  is  in  a  compound  ratio  of 
the  ratios  of  the  abfolute  force  direfUy,  and  of  the  matter 
to  be  moved  inverfely ;  and  the  matter  to  be  moved  is 
the  particle  itfelf  op.     Wherefore   the  acceleration  is  as 

^"-fT'l  that  is,  as  the  curvature  in  «•  For*  the  curvature 
^  R  * 

is  reciprocally  as  the  radius  of  curvature  in  that  point 

«  Prob.  !•    To  determine  the   motion  of  a  flretchcj 

firing/' 

<*  In  this  and  the  following  problem,  I  fuppofe  the  ftring 
to  move  from  the  axis  of  motion  through  an  iiidciinitelj 
little  fpace  ;  that  the  increment  of  tenfion  fcom  the  increafc 
of  the  length,  alfo  the  obliquity  of  the  radii  of  curvature, 
may  fafely  be  ncglciled.'' 

<«  Therefore 
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and  ftrctch  them  equally  by  fufpending^equal  weights 
to  their  extremities,  or  otherwifej  then  make  their 
lengths  of  the  proportions  that  are  ftated  in  the 
following  table ;  thofe  ftriiigs,  when  {truck>  will 

expreis 


^  Thcrrforc  let  the  ftring  be  ftretchcd  between  the  points 
A  and  B,  fig.  3.  Plate  XIV.  and  with  a  bow  let  the  point » 
be  drawn  to  the  difhtncs  C  z,  from  the  axis  A  B.  Then 
taking  awa^  the  bow,  becaitife  of  the  flexure  in  the  point  C 
alone,  that  will  firft  begin  to  move  (by  Ltm.  2.)  But  no 
Iboner  will  the  ftring  be  bent  in  the  neareft  points  f  and  d^^ 
but  thefe  points  alfo  will  begin  to  move  ;  and  then  E  and  <  ; 
and  fo  on.  *  Alfo  becaufe  of  the  great  flexure  in  C,  that 
point  vrill  firft  move  very  fwiftly,  and  thence  the  curvature 
being  iocreafed  in  the  next  points  D,  £,  &c.  they  will  im- 
mediately be  accelerated  more  fwifdy ;  and  at  the  fame  time 
die  curvature  in  C  being  diminifhed,  that  point  in  its  turn 
¥^I1  be  accelerated  more  flowly.  And  in  general,  thofe 
points  which  are  flower  than  they  fhould  be,  being  accele- 
rated  more,  and  the  quicker  lefe,  it  will  be  brought  about 
at  laft,  that  the  forces  being  duly  attempered  one  with.an« 
other,  all  the  motions  will  confpire  together,  and  all  the 
points  will  at  the  fame  time  approach  to  the  axis,  going  and 
returning  alternately,  ad  infinitum** 

**  Now  that  this  may  be  done,  the  ftring  muft  always 
put  on  the  form  of  the  curve  A  C  D  E  B,  the.  curvature  of 
which,  in  any  point  £, is  as  thediftance  of  the  fame  £  n  from 
the  axis ;  the  velocities  of  the  points  C,  D^  E,  &c.  being 
aHb  in  the  ratio  of  the  di  (lances  from  the  axis  C  z,  D  3, 
£v,  &c«  For  in  this  cafe  the  fpaces  Cx,  D^^£e|.  &cf. 
defcribed  in  the  fame  infinitely  little  time,  will  be  as  the 
velocities  i  thatis,  as  the  fpaces  defi:ribedC%,  D^,  &c. 

Wherefore 


j68  Of  Mufical  S&imJs. 

exprefs  the  proper  mufical  founds  or  tones^  and  di^ 
whole  fet  is  called  thtfcaU  ofmufic. 

The  fucceflive  exprefllon  of  (hofe  mufical  founds 
b  any  order^  produces  mufical  mekdf^  which  may  he 

good 


Wherefore  the  remaining  (paces  x  z,  ^d,  i  Hj  &c.  will  be 
to  each  other  in  the  fame  ratio,  Alfo  (by  Linu  2.)  the 
accelerations  will  be  to  one  another  in  the  (am*  ratio.  Bj 
which  means  the  ratio  of  the  .velocities  always  continuiiig 
the  (ame  with  the  ratio  of  the  (paces  to  be  de(cribed,  all 
thQ  points  will  arrive  at  the  axis  at  the  i^mt  time,  and 
always  depart  from  it  at  the  fam^  time.  And  ther^ore  the 
curve  A  C  D  £  B  will  be  rightly  determined.  Q^E.  D.'* 

«'  Moreover  the  two  curves  A  C  D  £  B  and  A  u  ^c B» 
.  being  compi^red  together,  by  Lfmma  i.  the  curvatures  ia 
P  and  i  will  be  as  the  di  (lances, from  the  axis  D  ^  aod^i 
;md  therefore,  by  Lemma  2.  the  accejen^tion  of  any  given 
point  in  the  firing  will  be  as  its  diftance  from  the  axis. 
Whence,  (by  Se<ft.  ip.  Prop.  5J.  of  Newton*8  Prindpia) 
all  the  vibrations,  both  great  and  fmall,  will  bp  perfanned 
in  the  fame  periodical  time,  and  the  motion  of  any  poi^t 
w»U  be  fimilar  to  the  ofcilbtion  of  a  body  vibrating  in  91 
Cycloid.     C^E.I." 

"  Cor.  Curvatures  are  reciprocally  as  the  ladii  of  circles 
of  the  fame  degree  of  curvature.  Therefore  let  tf  be  a 
given  line,  and  the  radius  of  curvature  in  £  will  be  equal  to 


"  Prob.  2,  The  length  and  weight  of  a  firing  being 
given,  together  with  the  weight  that  ftretches  the  ftringi 
to  find  the  time  of  a  fingle  vibration." 


«  Let  I) 


I 
I 


bfMuficd^  Sounis.  :^^ 

^od  '6r  bad.  The  contemporaneous  exprcflion  of 
k#o  of  them  is  called  a  tonjonanct  or  dijpmance^  ac- 
cording as  it  produces  a  pleafant  or.iitlpleafanc 
tfFc6t.     A  firiglc  ftring  may  be  made  fucceflively 

fliorter 


^  Let  the  ftring  be  ftretched  between  the  points  A  and 
B,  fig.  4.  Plate  XIV.  by  the  force  of  the  weight  P,  and 
let  the  weight  of  the  ftring  itfelf  be  N^  and  its  length. L. 
Al(b  let  the  firing  be  put  in  the  pofition  AF^  C  B,  and  at 
the  middle  point  C,  let  C  S,  a  perpendicular  be  raifed,  equal 
to  the  radius  of  the  curvature  in  C,  and  meeting  the  axis 
A  B  in  D  $  and  taking  a  point  ^  near  to  C,  draw  the  per- 
pendicular p  c  and  the  tangent  p  /•'* 

«*  Therefore  it  appears,  as  in  Limma  2,  that  the  abiolute. 
force  by  which  the  particle  ^  C  is  accelerated,  is  to  the 
force  of  the  weight  P,  as  r  /  to  /)  /  j  that  is,  as  /  C  to 
C  S.  But  the  weight  P  is  to  the  weight  oJF  the  particle  p  C, 
iA  a.  ratio  compounded  of  the  ratios  of  P  to  N,  and  of  N  to 
the  weight  of  die  particle  pC,  or  of  L  to  ^  C ;  that  isj  as 
PxL  to  Nx^C.  Therefore,  compounding  thefe 
fados,  ttie  accelerating  forte  is  to  the  force  of  gravity,  as 
P  X  L  to  N  X  C  S,  Let  therefore  a  pendulum  be  con- 
ftru£led,  whofe  length  is  C  D ;  then  (by  Seft.  X.  Prop.  52, 
of  Newton's  Principia)  the  periodical  time  of  the  ftring  will 

fie  to  the  periodical  time  of  that  pendulum,  as  v^N  x  CS 

to  ^PxL;  But  by  the  feme  propofitionj  the  force  of 
gravity  being  given,  the  longitudes  of  the  p$ndula  are 
in  a  duplicate  ratio  of  the  periodical  times.     Whence 

• p^f^ >  or  writing  ^r^    for  C  S,  (by  Cor. 

't^rob.   tO   •g — p  will  be  the  leng;th  of  a  pendulum,  die 
y  o  i.»  1 1. .  SB  vibradons. 
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ifhorter  and  fhorter^  according  to  the  propordons  of 
the  table ;  aiid  thus  a  (ingle  ftring  may  exprefs  all 
the  various  mufical  founds ;  but  in  this  cafe}  two 
founds  cannot  be  exprefled  at  the  Ikne  time. 

In 


vibrations  of  which  are  ifochronous  to  the  vibrations  of  the 
.ftring." 

**  To  find  the  line  rsr,  let  the  abfcifs  of  the  curve  be  AE 
s:  z,  and  the  ordinate  E  F  =  x*,  and  the  curve  itfdf 
A  F  =  V,  and  C  D  ==  h.    Then  (by  Cat.  Prob.  i.)  the 

radius  of  curvature  in  F  will  be  -— *,   But  if  being  givea, 
the  radius  of  curvature  is  — :r-«    Whence    —  s:  — -t 

X  X  z 

-and  therefore  aax:iz^x  xi  and  taking  the  fluents  aaz:z 

ix^      V  b*  ^    ,   ^     jy        ,       .                .            -v^* 
— -  — .— —  +  vtf  .     Here  the  given  quantity  —  + 

4fa*  is  added,  that  it  may  be  «  =  a;  in  the  middle  point  C. 
And  hence  the  calculus  being  compleated^  it  will  be  «  r: 

■  ^  — ^1:=^  -T-i-^*  Now  let*  and 

Vii***  — tf*;f»— i*-*— J**  +i**** 

jr  vailiih  in  refpe£k  to  ay  that  the  curve  may  coincide  with  the 

axisi  and  it  will  be  i  r:    .  , ,  sg^>   Now,  with  the 

^  V  hb^x  X 

^ 

centre  C,  and  radius  DC  =r*,  fig.  5.  Plate  XIV.  a 
quadrant  of  a  circle  D  P  £  being  defcribed,  and  making 
C  Q^=  Xy  and  ereding  the  perpendicular  Q^P  j  then  the 

bx 

arch  D  P  being  =:  /,  it  wil]  be  >  =       .  ss 

Y  b  9  '^  XX 

* ... 

^  Whence 
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th  *i6rift  liftroiTieritff,  as  the  foitc-piaiio,  harpG- 
trhord,  &c.  each  ftring  cxpreffes  a  particolar  torte. 
In  other  inftrumcntSi  fiich  as  the  violin,  violon* 
cella,  &c.  each  ftring  is  califed  to  cxprefi  fcvcral 
tones  fucccflively,  by  flopping  part  of  it  with  the 

fingers 


I  >  i  ...  .1  .■ 


•*  Whence   y  ==  —  z*   and  z  s=    7- v.    And  making 

•ar  =  #  ^  C  D,  in  which  cafe  it  is  alfo  y  tz  quadrantal  arch 
»PE,    and  zrt  ADir  |Li   it  will  be  f  L  =  «  X 

7TTt>  *"<l  tf  ^  L  y      T^^-.     Let  it  be  therefore  C  D 
C  D  2DE 

:  2  DE  :  :  diameter  of  a  circle  :  circumference  :  :  d :  c; 

and  it  will  hcaa  z^iLL  :< .    Therefore  this  value 

^  c 

^  '  N  dd 

being  fubftituted  for  «  ^ ;  -,  x  L  x  —  will  be  the  length 

r  cc 

of  a  pendulum,  which  will  be  ifochronous  to  the  ftring. 

Therefore  let  D  be  the  length,  whofe  periodical  time  is  r, 

«nd  —  V  _  X  -T^p  will  be  the  periodical  time  of  the 

ftring.     Q^E.i."  . 

^^  For  the  periodical  times  of  pendulums  are  as  the  fquare 
roots  of  their  lengths.** 

C»r:  I.   The  number  of  vibrations  of  the  ftring  in 
,  die    time   of  one  vibration  of  the  pendulum  D,  is  -7 

^  T  ^  r-  . 

Cor.  2.   Becaufc    ^  x  V -4-  is  given,  the  periodical 

BBS  timtf 


J74  Of  Muficd  Sotmii. 

fingers,  and  permitting  a  certain  portion  oidy  (a 
vibrate. 

ne  ScaU  of  Muftcdl  Sounds,  or  of  the  proportional 
Lengths  of  the  Strings,  which  emit  thofe  Sowuls, 
together  with  their  Literal  and  Numerical  Names^ 
as  alfo  the  Names  of  the  Intervals  between  them ; 
where  T  fiands  for  Major  Tone ;  t  for  Minor 
Tone ;  and  H  for  Hemi-Tone. 

i  C  Firft 


T 


5 


D  Second 


Third 


H 


^  F  Fourth 


T 
T 


Fifth 


Sixth 


B  Seventh 


Odave 


H 


Ninth 


t 


time  of  the  firing  is  as  y  --  ^  !'•     And  the  weight  Pbe- 

P 

ing  given,  the  time  is  Vn  x  L.  And  the  firings  bcinj 
made  of  the  fame  thready  in  which  cafe  it  is  N  as  L^  the 
lime  will  be  as  L/' 


to 

J. 

■ 

T 
J. 

10 
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c  Tenth 


Eleventh 


g  Twelfth 


Thirteenth 


H 


^ 


8 
30 


b  Fourteenth 

H      • 
■7  C  Sixteenth,  or  Double 

Oftavc,  fire.  &c. 

♦ 

This  table  might  be  continued  to  any  lengthy 
and  the  law  of  continuation  will  appear  from  the 
following  paragraphs^  which  will  be  found  to  con- 
tain the  neceflary  explanations. 

The  fradions  denote  the  relation  of  each  firing 
or  tone  to  the  firft,  or  to  the  key^  note.  Thfc 
length  of  the  RrOi  (bring  may  be  a  footjt  or  a  yard^ 
or  in  fhort  of  any  other  dimenfion ;  but  then  the 
other  firings  mud  be  made  in  due  proportion  to 
that  length,  which  is  called  one  or  unity.  For  in- 
ilance,  if  the  firil  firing  be  a  yard  long  (viz.  3^ 
inches)  then  the  next  firing  mufi  be  32  inches  in 
length;  for  32  is  equal  to  ^ths  of  36.  This 
fraflion  like  wife  fhews,  that  the  fecond  firing  per- 
forms nine  vibrations^  whilft  the  firfl  performs 
eight  vibrations.  Alfo  the  length  of  the  fourth 
ftring  is  marked  J,  meaning  that  it  mufl  be  three- 
fourths  of  the  firfl  i  and  it  (hewsj  that  this  firing 

B  B  3  per- 


374  ^f  ^^fi^^  ^^^f 

performs  four  vibrations  whilll  the  -firft  perfbrmi 
only  three ;  and  fo  of  the  reft. 

The  letters  which,  are  annexed  to  the  fra^ons  in 
the  fecond  polumn  of  the  table^  are  the  names  by 
which  muHcians  diflinguifh  the  various  tones  >  and 
the  numerical  names  of  the  third  column^  fhew 
the  diftance  of  each  tone  from  the  firft,  wiiich  is 
otherwife  called  the  key-nofe,  or  principal  tone. 
Thus. the  fifth  firing  is  called  G  i.  it  is  a  fifth  above 
the  firft,  and  its  length  is  equal  to  two  thirds  of  the 
fifft;  and  fo  forth. 

It  muft  be  remarked^  that  feven  names,  or  letters,, 
are  given  to  all  the  topes  j  viz.  C,D,E,F,G,Aand 
^  to  the  firft  feven ;  then  the  fame  names  or  letters 
are  repeated  in  the  fame  order  for  the  next  feven,  an4 
might  again  be  repeated  for  a  third  fet^  a  fourth 
fet,  &c. 

By  a  clofer  infpeftiorji  it  may  be  perceived,  that 
the  fraftions,  which  cxprels  the  lengths  of  the 
firings,  are  quite  difftrent  from  6ach  other  for  the 
firfl  feven  notes  only;  but  after  that  they  come 
againjin  the  fame  order;  excepting  only  that  for 
the  next  feven  tones  the  fraftions  are  the  halves  of 
the  former  refpcftively ;  for  inftance,  the  length  of 
the  fecond  C  is  |  j  viz.  the  half  of  the  firfl  C  ;  the 
length  of  g  is  -J^ths ;  viz.  the  half  of  G,  which  b 
^ds,  &c.  Farther,  the  third  fet  of  feven  firings 
are  the  halves  of  the  fecond  fet,  or  the  quarters  of 
die  firfl;  ai;d  fo  on.  The  numerical  names  go  on 
4  ~    increafing 
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incrtafing  progrelTively;  for  they  only  fhew  the 
diftancc  of  each  tone  from  the  firftj  thus  c  is  faid 
to  be  an  o8ave  to  C  j  g\%  faid  to  be  a  twelfth  to 
C,  &c. 

It  is  therefore  evident,  that  feven  are  the  prin- 
cipal tones  of  the  mufical  fcale.  The  next  feven 
are  faid  to  be  the  oifaves  of  the  firft ;  the  next 
fcven  to  thofc  are  faid  to  be  the  duuhU  e^aves  to 
the  firft  fevcn,  &c.  Therefore  with  refpeft  to  the 
peculiar  nature  of  each  tone,  we  need  only  examine 
one  o£tave,  viz.  the  firft  fct  of  feven, tones,  together  , 
with  the  firft  tone  of  the  next  fet. 

The  fraftions  of  the  table  cxprefs  the  propor- 
tional lengths  of  the  ftrings  with  refpcd  to  the 
firft;  but  if  the  length  of  each  ftring  be  compared 
with  the  ftring  next  to  it,  then  it  will  appear  that 
the  intervals  are  not  equal  throughout  the  oCtave; 
but  that  there  are  three  forts  of  interval.  Thus  C 
(always  meaning  the  ftring  which  expreflcs  C,  and 
the  fame  of  the  reft)  is  to  D  as  9  to  8.  D  is  to  E 
as  10  to  9*.  E  is  to  F  as  16  to  ij.  F  is  to  G 
as  9  to  S.  G  is  to  A,  as  10  to  9.  A  is  to  B  as 
9  to  8  ;  and  laftly,  B  is  to  the  C,  next  to  it,  as  16 


•  In  order  to  make  the  above-mentioned  comparifon,  the 

fractions  muft  be  reduced  to  a  common  denominator ;  then 

the   ratio  of  their  numerators  muft  be  expreflyd   in   the 

low.  1  integral  terms  ;  thus  ^  and  ^  reduced  to  3  common 

„  denominator,  become  ^|  and  ^^ ;   then  40  is  to  361  as  10 

B  B  4  ta 


\ 

J 
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10  1 5.     The  intervals  farther  on  arc  equal  to  the 
fcrmer,  and  come  in  the  fame  order. 

By  infpe£ting  the  preceding  paragraph,  it  will 
appear  that  thofe  intervals  are  of  three  forts,  viz. 
the  interval  of  9  to  8,  the  interval  of  lo  to  9,  and 
the  interval  of  1 6  to  15.  The  firft  of  thofe  inter- 
vals ,has  been  called  a  major  tone ;  the  fecond  has 
been  called  a  minor  tme  i  and  the  laft  has  been  called 
an  lemiione'^. 

The  intervals  which  form  an  odave,  are  dil 
pofcd  in  the  following  order,  viz.  major  tone 
minor  tone,  hemitone,  major  tone,  minor  tone, 
major  tone,  and  hemitone ;  which  may  be  expreifcd 
by  their  initials,  as  in  the  fourth  column  of  the 
table  in  p»  37a,  viz.  T,  /,  H,  T,  /,  T,  H, 
Whence  it  appears,  that  a  fifth,  or  the  interval 
between  C  and  G,  contains  two  major  tones,  one 
minor  tone,  and  an  hemitone  j  alfo  a  fourth,  or  the 
intcrv:tl  between  C  and  F,  contains^a  major  tone,  a 
minor  tone,  and  an  hemitone,  &c. 

If  it  be  alked  why  are  the  intervals  difpoftd  in 
the  above-mentioned  order,  and  why  is. C  corfidercd 
a3  ti^e  firft  or  fundamental  note  ?  The  anfwer  is, 
that  repeated  experience  has  (hewn,  that  this  order 
produces  a  pleafing  mufical  melody,  and  that  the  C 
is  called  the  fundamental,  or  key-note,  or  the  firft 


*  Th-  difference  between  a  major  and  a  minor  tone,  •  z. 
between  \  rid  -^/j  vvhrch  is  the  interval  of  81  to  8b|  bas 
\>^n  (:alled  a  comtr\a^ 

of 
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cf  that  order  of  intervals;  bccaufe  the  melody 
generally  begins,  and  almoft  always  ends  with  that 
note ;  befides,  the  rules  of  compofition>  and  the 
arrangement  of  the  various  periods  of  the  melody, 
always  have  a  reference  to  that  key-note^. 

In  the  table  of  page  372,  there  is,  however, 
another  tone,  which  may  be  taken  for  the  principal 
or  key  note,  and  that  is  A  3  but  the  intervals  ia 
the  odtave,  from  A  to  ^,  are  in  the  following  or-» 
^er,  viz.  T,  H,  T,  /,  H,  T,  /,  which  order  differs 
from  the  other,  principally  in  its  having  the  interval 
of  the  third,  and  the  interval  of  the  fixth,  (mailer 
than  in  the  other  order  i .  hence  this  order  is  called 
the  flat  mood,  or  the  key  of  A  with  a  flat  third  5 
whereas  the  other  is  called  the  Jharp  mood,  or  the 
Icey  of  C  with  a  fliarp  third. 

Nature  feems  not  to  admit  of  any  other  order  of 
intervals  fit  for  muficj  therefore,  in  the  natural 
fcale,  as  expreffcd  in  page  372,  no  other  note 
may  be  taken  for  the  principal  or  key-note;  fo 
that  no  piece  of  mufic  could  be  written  in  any  other 
key  befides  C  or  A.  But  the  ingenuity  .of  mufi- 
cians  has  contrived  to  multiply  the  kt*y  notes,  or 
rather  to  render  every  tone  capable  of  being  confi- 
dered  as  the  key  note  of  a  (harp  as  well  as  of  a  flat 
mood  I  and  this  objeft  has  been  accompli (hcd  by 
the  interpofition  of  certain  intermediate  tones  be- 
tween thofe  of  the  natural  fcale,  wh(ch  arc  to  be 
ufed  occafionally,  and  which  have  no  particular 
n^mc  or  letter  j  but  derive  their  appellations  from 
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the.  neighbouring  principal  notes  $  thus  a  ccrtab 
ibund>  iaterpofed  between  C  and  D,  is  called  either 
C  fharp,  or  D  flat :  another  interpofed  between 
D  and  £j  is  called  either  \)  Iharp^  or  £  flat ;  and 
fo  of  the  reft.  1 1  muft  be  remarked,  however,  that 
between  E  and  F,  as  ajfo  between  B  and  C,  no 
other  found  is  interpofed,  becaufe  the  intervals  be« 
^'cen  thofe  notes  are  already  very  fmall,  there  be- 
ing only  an  bemitone  between  each  pair. 

The  nature  and  the  ufe  of  thoie  intermediate 
founds,  which  are  commonly  called  jKti/j  znd  Jbarfs, 
will  appear  from  the  following  example  and  ex« 
planation. 

If,  inftcad  of  C,  a  perfon  wi(hcd  tp  make  F  die 
key  notei  then  the  proper  order  of  interv^s  either 
for  a  fiat,  or  for  a  fliarp  noood,  muft  take  its  com-: 
inencen>ent  from  F. — Suppofe  it  be  required  to  be 
a  Ciarp  mood,  in  which  cafe  the  intervals  muft  be 
T,  /,  H,  T,  /,  T,  H*     Now,   by  obfcrving  the 
t^ble  in  page  jy  2,  it  will  be  found  that  there  is^  as 
it  ought  to  be,  a  major  tone  between  F  and  G,  a 
minor  tone  between  G  and  A ;  but  between  A  and 
B  there  is  a  major  tone  j  whereas  there  (hould  be 
an  hemitone ;  therefore  in  order  to  ■remedy  this 
defcsft,  another  ftring  is  interpofed  between  A  and 
B,  of  iuch  a  length  as  may  exprefs  a  proper  fourth 
to  F ;  and  this  intermediate  found  i«  called  B  flat, 
or  A  lliarp ;  then  between  this  B  flat,  and  the  next 
C>  there  is   a  major   tone,    which  is  right  i   and 
{o  are  likewife  the  following  interv^s.     So  that 

whca 
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vHen  F  is  to  be  reckoned  the  key  note^  we  mufl; 
then  ufe  B  flat  inftead  of  B^nacural. 

■ 

Af(er  the  fame  manner  it  may  be  eafily  (hewn 
that  when  any  of  the  other  notes  is  taken  for  the 
key  note,  there  needs  be  intcrpofed  flats  or  fliarps 
between  fome  of  the  other  natural  or  primitive 
(bunds,  &c« 

In  fliort,  by  the  interpoficion  of  <ine  found  ht^ 
tween  any  two  contiguous  tones  of  the  natural 
oAave,  except  between  E  and  F,  as  alfo  between 
B  and  Q  the  whole  o&ave  is  caufed  to  contain  \% 
intervals ;  and  by  this  means  every  one  oi  thoio 
1 2  founds  may  be  taken  for  the  key  note  of  a  fliarp 
3r  a  flat  mood,  and  is  called  accordingly ;  for  in*« 
lance,  the  key  of  D  with  a  (harp,  or  with  a  fla^ 
:hhrd  s  the  key  of  £  with  a  fliarp,  or  with  a  flat* 
iiird ;  the  key  of  E  flat,  with  a  fliarp  third,  or 
he  key  of  E  flat,'  wich  a  flat  third  i  and  Co  of  the 
■eft. 

Yet  this  difpofltion  of  tones,  both  principal  and 
ntermediate,  is  attended  with  a  remarkable  imper-* 
td^ion,  which  may  be  palliated,  hut  cannot  be 
ntirely  removed.  —  The  nature  of  this  impcr-» 
:dtion  will  be  fliewn  in  the  fequcl  j  but  pre- 
iouiiy  to  it^i  fometbing  muft  be  faid  with  rcfped 
3  the  notation  of  the  various  muflcal  founds^ 

The  whole  range  of  mufical  founds,  comprc- 
ehding  all  thofe  which  may  be  expreflfed  by  hu- 
lan  voices,  as  alio  by  the  mufical  inftruments  that 
re  nioftly  in  ufe,  qonflfls  of  about  feven  or  eight 

oftavcs  I 


jtto  Q/"  Muftcal  Ssitnds. 

ddtavcsi  yet  muficians  can  cxprcfa  every  one  of 
,  thofe  founds  by  placing  certain  fpots,  niarks,  or 
Botes,  upon,  and  adjoining,  five  parallel  lines;  and, 
m  i^r  nptufic  paper  is  ruled  with  fuch  zones  of  pa- 
laQel  lines* 

A  mark  or  note,  placed  upon  one  of  thofc  Hdcs, 
denotes  a  certain  tone ;  for  inftance  C,  a  nnark 
yiaced  m  the  (pace  which  is  between  that  line  and 
tbe  next  above,  denotes  the  next  note  to  that, 
viz.  D  »  a  mark  on  the  next  line  above,  denotes  E  ; 
^nd  fo  forth.  The  intermediate  founds,  or  the 
fitts  and  fharps,  are  denoted  by  auxiliary  marks, 
¥iz»  $:  denotes  a  (harp,  and  b  denotes  a  Rat ;  thus 
]Sc  prefixed  to  the  note  of  D,  means  the  found 
intermediate  between  D  and  £ ;  and  b  pre- 
fixed to  the  note  of  E,  means  the  fame  found, 
viz*  the  found  intermediate  between  D  and 
E»  Scc. 

1  htr  form  of  the  notes,  viz.  whether  the  mark 
b  entirely  black,  or  open  like  an  o,  or  having  a 
t^i.  anntxcd  to  it,  has  nothing  to  do  with  refpeft 
to  the  particuLir  found*  That  diverfity  of  form 
iadicates  the  duradon  only  of  the  founds  ;  or  what 
is  called  the  time. 

By  infpeflir.g  any  one  of  the  zones  in  fig.  6. 
ria  e  XiV.  it  will  be  perceived  that,  upon  the  ufual 
five  lines  of  nnific,  no  more  than,  eleven  different 
notes  can  be  marked,  viz.  one  upon  each  line,  one 
upon  each  of  the  four  fpaces  between  thofc  lines, 
ojic  above  the  upper  line,  and  ope  below  the  (irft 

line; 


Of  Mufiial  Semis.  '   jSf 

Ime :  at  prefentf  indeed,  the  notation  i&  exteadocl 
conflderably  above  and  below  the  five  lines,  smd 
that  by  means  of  auxiliary  lictk  lines,  as  in  %•  7* 
Plate  XIV.  ;  yet  this  laft- mentioned  method  is  bf 
no  means  fufficient  to  exprefs'  the  whole  range  of 
muTical  founds.  Formerly,  however,  they  ufej 
only  the  eleven  notes  of  fig.  6  *.  Now,  in  order 
to  exprefs  the  higher  or  lower  rones,  the  name* 
and  fignification  of  the  notes  are  altered,  and  chss 
alteration  is  indicated  by  a  certain  mark,  called  tl^ 
which  is  always  placed  at  the  beginning  of  a  piece 
of  mufic,  and  likewife  wherever  the  value  of  the 
notes  is  required  to  be  altered » 

There  are  feven  of  thofe  cliffs.  (Sec  fig,  8L 
Plate  XIV.)  They  are  of  three  different  form's^ 
and  of  three  different  fignificacions,  viz.  the  firft 
two  arc  called  cliffi  of  F,  becaufc  where  they  arc 
placed,  (viz.  on  the  fourth  line  and  on  the  third  line) 
there  the  note  of  F  is  fituated,  and  the  other  notn 
above  and  below  are  named  accordingly.  The 
four  cliffs  of  the  fecond  fpccies  are  called  cliffs  of 
C,  becaufc  where  they  are  fituated,  viz.  upon  four 
of  the  five  lines,  there  the  C  is  placed.     Of  the 


— r 


*  The  ancient  mafters  of  mufic  reckoned  a  good  voice 
for  iingtng,  whether  bafe,  or  tenor,  or  treble,  &c.  that  which 
could  cxpfefs  eleven  good  and  pleafant  tones.  In  fa£l,  very 
(eldom  a  finger  can  go  higher  or  lower,  without  changing 
the  quality  of  his  voice.  Hence  eleven  principal  marks  were 
icckoned  fufficient  for  mufical  notation* 


J^\^A 
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third  fpecies  there  is  but  one  cliff)  which  ts  tkWtJi 
the  cliff  of  G,  becaulc  where  that  cliff  is  (ituatcdi 
viz.  on  the  fecorid  line,  there  the  ftote  of  G  is 
placed. — Thofe  cliffs,  befides  the  Ipecific  natnesi 
Jiavc  each  a  peculiar  appellation.     The  peculiar 
appellations  of  tljofe  cliffs,  together  with  the  names 
or  ilgnifications  of  the  notes  in  each  cKff,  are  clearly 
exhibited  in  fig.  6.  Plate  XIV,  wherein  the  notes, 
for  brevity  fake,  are  not  carried  on  ferther  above  or 
below  the  eleven  above-mentioned  notes*.— ShouM 
the  reader  be  defirous  of  learning  which  note  of 
one  cliff  correfponds  with  a  certain  other  hotc  of 
the  other  cliffs,    fig.   9.    Plate  XIV.   will  give 
Jiim  the  required   information  5  for  in  that  figure, 
a  note  is  placed  after  every  one  of  thd  feven  difis, 
and  every  one  of  thofe  notes  indicates  the  fame 
found'precifclyj  namely,  the  C,  which  is  expreffcd 
by  placing  the  third  finger  upon  the  fourth  orlargeft 
firing  of  a  violin. 

Hitherto  we  have  only  mentioned  the  dcpend- 
ance,  or  rather  the  ratio  that  one  found  bears, to 
another ;  fo  that  when  one  found  is  given,  its  fifth, 
or  third,  or  oftave,  &c.  may  be  eafily  found ;  but 
it  will  be  neceffary  to  define  or  determine  the  firft, 
or  any  one  of  them,  Gnce  from  one  being  known, 
all  the  others  may  be  derived.  The  conyenicncy 
cf  fingers  has  eftabliflied  a  certain  ftandard,  which  is 


•  At  prefent,  however,  the  baritone  cliff,  stnd  the  half 
f(  porano  cliff,  ace  fcldom,  if  ever^ufed* 

adopted 
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adopted  by  moft  muficians  in  this  country  i  is  ufcd  in 
concerts^  as  alfe  at  the  opera  houfcrplay  houfes,  &c. 
It  is  called  the  concert  fitch  j  and  this  found  is  ex- 
prefled  by  a  fmall  inftrument,  which  isfconveyed  from 
place  to  place  by  thofc  perfons  who  tunc  organs^ 
harpfichords,  &c.  It  is  a  ftecl  inftrument,  which 
when  ftruck  founds  a  certain  note.  See  fig.  1 1.  Plate 
XIV.  or  elfc  a  little  fort  of  fluce,  which  founds  that 
certain  note.  Thok  tuning  forks,  or  tuning  pipis^ 
(for  fo  they  are  called)  are  tuned  all  alike,  after  a 
pattern  one,  which  is  kept  in  refer vc  by  the  makers; 
and  indeed^  notwithftanding  the  wear  arid  alteratioa 
by  heat  and  cold,  thofe  tuning  forks  are  in  general 
pretty  much  of  the  fome  pitch.  According  to  that 
pitch,  the  C,  which  follows  the  cliffy  in  fig.  9.  per- 
forms about  5 1 3  vibrations  in  one  found. 

Fig.  12.  of  Plate  XIV.  exhibits  in  one  view  all 
the  pardculars  which  may  be  of  ufc  with  rcfpcft  to 
an  octave  of  tones,  hemi tones,  &c.  It  confifts  of 
'  6  horizoneal  rows.  The  firfl:  row  contains  the  1 3 
notes  of  an  oftave  expreficd  in  the  bafe  cliff.  The 
fecond  row  fhews  the  ratio  of  the  ftring  which  ex- 
prcffes  each  found,  with  rcfpeft  to  the  firft.  The 
third  row  exprefles  the  lengths  of  the  various 
firings,  (which  mud:  be  equal  in  all  other  re- 
Ipefts)  in  numbers  of  equal  parts,  of  which  3600 
arc  equal  to  the  length  of  the  firft  ftring.  The 
fourth  row  expreffes  the  aSual  number  of  vibra- 
tions performed  in  one  fecond  by  each  found,  ac- 
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cording  to  the  concert  pitch  *•  The  fifth  row  coil* 
tains  the  literal  names ;  and  the  fixth  row  contains 
the  numerical  names  of  the  founds,  when  C  is  the 
firft>  or  key,  note. 

Hitherto  we  have  only  fpoken  of  the  focceffion 
of  founds,  and  have  afferted  that  the  founds  only  of 
the  fcale,  wijjch  is  ftated  in  page  372,  can  furnilh  a 


•  T*hqfe  number^  of  the  vibrations,  &c.  have  been  de» 
duced  by  calculation,  ^  according  to  the  rule  in  paj^e  362 } 
wherein  the  rcfiftaiKe  of  the  air  is  not  noticed  \  hence  they 
probably  are  a  little  higher  than  the  truth* 

For  thiK  purpofe  a  brafs  harpfichord  ftring  was  fufpended 
like  a  pendulum,  with  a  weight  of  S  lb.  and  14  ounces  (fiz* 
41 125  grains)  at  its  extremity.  The  length  of  the  ftring 
was  6^  inches,  iCs  weight  was  22,25  grains.  Its  foundj 
according  to  the  concert  pitch|  was  exaftly  A,  viz.  one 
oclave  below  the  A,  in  fig,  12.  By  calcjlation,  from 
thofc  data^  it  was  determined  to  perform  107  vibrations  ill 
one  fecond* 

Heat  a:id  cold  have  a  Gonfidcrable  influence  on  the  pitch 
of  all  fonorous  bodies,  which  arifes  from  their  beino-  &^ 
panded  or  contradled  in  their  dimcnfions,  alfo  from  an  altera- 
tion of  their  elafticity.  A  fteel  tuning-fork,  heated  to  the 
degt'ec  of  boiling  water,  will  found  a  note  about  a  hcmitone 
lower  than  it  will  when  cooled  fo  the  degree  of  freezing 
%rater.  The  pitch  of  an  organ  pipe  will  be  higher  in  fum- 
mcr  than  in  winter  ;  for  in  that  pipe  it  is  the  column  of  air 
th^t  vibrates  ;  and  in  the  winter  time  that  column  of  air  i$ 
der.fwr,  heavier,  and  of  courfe  vibrates  flower,  than  in 
fummer.  See  Smith's  Harmonics,  Se<St  IX.  SchoT.  la 
Prop.  XVllI. 

plcaling 
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|)leafing  melody^  or  rather  the  rnofl:  pleafing  me* 
lody.  But  it  is  neceffarjr  to  obferve^  that  the  pro* 
priety  of  fuch  founds  is  (hewn  likewile  by  ^  the 
agreement^  or  pleafing  effe6t,^  which  arifes  frcm 
certain  two  or  more  of  them  being  expreiied  at  the 
fame  time ;  •  and  it  is  remarkable  that  the  like  pleaf- 
ing effcdt  cannot  be  produced  by  any  other  fcale  of 
founds. 

When  two  fonorous  bodies^  that  exprefs  the  fame 
note  precifely  (in  which  cafe  they  are  faid  to  be  in 
uni/on)  are  founding  at  the  fame  time  \  the  agree- 
ment is  fo  greatj  that  we  can  feldom  perceive  whe- 
ther it  be  one  found  or  two.  The  next  bed  agree- 
ment is  when  any  note,  and  its  odbave,  are  founded 
ac  the  fame  time.  Next  to  this  is  that  of  any  note 
and  its  fifth ;  then  that  of  any  note  and  its  third 
(harp,  and  then  that  of  any  note  and  its  third  flat,  or 
its  fixthy  either  flat  or  (harp. 

A  perfefi  accord  is  that  which  arifes  from  four 
notes  exprefTed  at  the  fame  timcj  viz.  any  note,  its 
third  fharp>  its  fifth,  and  its  oftave.  The  other 
accords  are  imperfeS  \  and  fome  of  them  are  very 
diiagreejible ;  yet  with  certain  reftridions  fome  of 
them  are  not  only  toleraUe,  but  may  be  introduced 
with  confiderable  effed. 

The  rules  of  mufical  compofition,  which  direft 
the  proper  arrangement  of  accords,  and  likewife 
fliew  the  necefiary  limitations  or  management  of  the 
melody^  have  been  deduced  frofn  long  and  diver'* 
^ed  'cxperieacc.     Upon  the  whole,  they  arc  rather 

VOL.  II.  c  c  intricate 
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intricate  and  numerous  i  but  notwichfianding  thcif 
muifitpUcic]r»  the  various  cafes  and  con:)binations 
of  mufical  (bunds  are  far  from  being  all  reduced, 
and  feem  not  to  be  all  reducibk,  to  certain  and  de« 
terminate  rules.  In  mufical  cotnpofition,  a  great 
ddd  muft  depend  i^xm  the  genius  of  the  compofer^ 
and  this  genius,  or  natural  difpofidon,  to  invent 
pleafing  melodies,  and  pleafing  harmony,  is  what 
principally  dtftinguifhes  one  compofer  from  another. 
It  ia  the  gift  of  nature  ;  it  may"  be  guided^  but  not 
given,  by  art. 

it  has  been  faid  above,  chat  the  (fifpbfition  of 
tones  and  hemi-tones,  fuch  as  is  exhibited  in  %%.  I2« 
Place  XIV.  is  attended  widi  a  remarkable  imper- 
fection, which  may  be  paUiated,  but  cannot  be 
entirely  removed.  —  The  nature  of  this  imper* 
fedion  will  be  eafily  manifefted  by  means  of  an 
example. 

The  proportional,  as  well  as  the  proper  lengdis 
of  the  ftrings,  which  exprefs  the  2d,  3d,  4th,  ftb, 
&C.  of  C  ;  viz.  when  C  ia  taken  for  the  key  nocr, 
are  expteffird  in  fig.  12.  But  fuppofe  it  be  it- 
quired  to  make,  not  C,  but  D,  the  key  note  %  tbetf 
A,  which  wasi  the  fixth  of  C,  does  now  become  the 
5th  of  the  key  note  D  f  and  therefore  its  length 
muft  be  two-thirds  of  the  length  of  D^  Now,  i& 
the  table,  the  length  of  D  is  3200  equal  parts,  and 
tiiat  of  A  is  2160  fuch  pans^  but  2160  is  not 
equal  to  two-thirds  of  3200  (for  ^  of  3200,  aic 

^i33>i^  ^C;)^    therefore  doe  A  in  the  fcal^ 

whid) 
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which  is  a  proper  fixth  to  C^  is  an  imperfeft  5th  to 
D ;  nor  can  this  deficiency  be  fupplied  by  the  inter- 
pofition  of  another  ftring  between  A  and  A  fharp  1 
becaufe  that  other  ftring,  though  a  perfeft  fifth  to 
D,  would  be  an  innperfcft  fourth^  when  E  is  taken 
for  the  key  note,  or  it  would  be  an  improper  j^^ 
when  F  is  taken  for  the  key  note,  &c.  And  if  fo 
many  ftrings  were  intcrpofed  between  A  and  A 
iharp^  as  to  fupply  all  thofe  deficiencies,  the  cotn-' 
plication  and  multiplicity  of  founds  would  be 
tiidlefs ;  for  what  has  been  faid  of  A  may,  with 
equal  propriety,  be  faid  of  every  other  found  of  the 
ofbave. 

The  only  expedient  which  is  at  prefent  pradifed 
for  the  purpofe  of  palliating  the  above-mentioned 
imperfeftion,  is  to  nine  the  A  not  fo  high,  or  to 
make  the  length  of  that  ftring  not  fo  long  as  a  160 
parts,  nor  (b  fliort  as  2133,5,  by  which  means  that 
A  is  rendered  an  imperfedb  (ixth  to  C,  and  an  im« 
perfeft  fifth  to  D ;  or  the  ioiperfedtion  is  divided, 
which  renders  it  tolerable  in  both  cafes,  other- 
wife  it  woukl  be  very  pleafant  in  one  cafe,  but  in^ 
tolerable  in  the  other.  The  fame  diing  is  done 
with  refpeft  to  all  the  other  founds  of  the  oftave ; 
vtt.  they  are  made  to  deviate  a  little  from  thofe  pro- 
per pitches,  or  from  the  lengths,  which  arc  expreffed 
in  fig.  12.  for  the  purpofe  of  rendering  them  tolera- 
ble when  one  note  or  another  is  taken  fqr  the  key 
note.  Thb  deviation  from  the  proper  lengdis^  or 
from  the  proper  pitches,. is  called  the  iimperament 

c  c  a  of 
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ofmujual  ifffirumenis^,  or  oftbi  muficaljcak\  and  b 
uitrd  in  tuning  all  thofe  inftnimems  which  have 
fixed  notes,  as  the  harpfichord,  organj  6cz.  And 
even  with  other  inftruments,  and  with  the  voice  in 
finging»  a  certain  temperament  is  u(ed>  both  from 

* 

imitadon  and  from  nectflicy  *« 

It  vaxA  be  obfervcc|j  with  refpeft  to  this  tempera** 
nient,  that  if  the  impcrfedions  be  divided  equallv, 
viz.  in  fuch  a  manner  as  to  render  the  efieft  the 
fame^  Whether  one  or  another  of  the  la  founds  of 
the  o£kave  be  confidered  as  the  key  note ;  then  that 
efieft  would  not  be  pleafant  \  therefore  the  pra6tice 
is  to  divide  the  imperfedions,  but  to  divide  them 
unequally ;  viz*  fo  as  to  render  the  fecond,  thirdi 
fourth,  fifthi  &c«  of  fome  key  notes,  in  which  moft 
pieces  of  mufic  are  written,  lefi  imperfe&*  than 
others. 

An  equal  temperament,  therefore,  is  imprafti* 
cable;  and  it  is  impoffible  to  fix  the  limits  of  an 
unequal  one,  or  fuch  as  may  be  commonly  ufed ; 
for  almoft  every  tuner  of  inftruments  ufes  a  tem- 
perament a  litde  different  from  the  refl:,  of  which 
he  judges  by  his  hearing  only ;  and  fome  capital 
performers  fometioQes  have  their  inftruments  tuned 
with  a  peculiar  temperament,  for  the  purpofe  of 


•  For  the  nature  and  limits  of  the  temperament  of  mufi* 
cal  inftruments,  fee  my  paper  on  the  fubjeft  in  the  78di  vol 
of  the  Philofophical  Tranfadions. 

giving 
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^ving  a  greater  cffcft  to'  their  particular  compofi- 
tions  ♦. 

We  ffiaH,  laftly^  conclude  this  long  chapter  with 
fbme  remarks  concerning  the  cffcfts  which  are  at- 
tributed to  mufical  founds.  Of  thofe  effedts  there 
are  (bme  which  are  true  and  acknowledged ;  whilfl: 
others  are  lefs  confpicuous^  or  doubtful^  and  per- 
faap^ablblutely  chimerical. 

Single  foundsj  or  a  fticccffion  of  founds,  are  plea* 
fant  or  unpleafant  in  various  degrees.  The  finglc 
founds,  in  order  to  be  pleafant^  muft  be  uniform^ 
neither  too  loud  nor  too  foft,  and  muft  be  as  Gmple 
as  poflible.  A  regular  fwell  and  decay  in  the 
ftrengib  of  the  found  is  pleafing  in  certain  cafes  % 
but  it  is  impollible  to  define  the  quantity  of  thofe 
qualities^ 

The  various  tones  of  a  natural  voiee,  or  of  aA 
inftrument,  fliould  be  of  one  quality  $  whereas  they 
frequently  feem  to  belong  to  different  voices^  or  to 

difitrcnt  inftrumentst- 

k 


•  I  have  a  let  of  tuning-forks,  for  all  the  13  founds  of  an 
oAave,  i^bich  were  tuped  by  one  pf  the  heft  piano- forte 
^makers  \n  town,  according  to  bis  temperament;  but  on 
comparing  them  with  inftruments  recently  tuned  by  other 
perfons,  I  find  that  they  very  feldom^  if  ever,  agree  perfe^y 
together. 

t  The  firings  c^  pianp-fpr^es,  l^arpficbords,  &c.  Wi^e 
they  all  of  the  lame  thicknels,  could  not  conveniently  \>p 
's^^dc  of  the  proper  lengths  \  therefore,  by  making  them  of 

c  c  3  diflFerent 
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It  is  impoOlhle  to  iky  wbenco  lu-ifes  the  pleafure 
which  is  communicated  by  certain  fucceffions  of 
ibunds*  There  are  certain  periods  in  mufic^  me- 
lody which  ,excito  peculiar  fenfauons  more  or  left 
pleafingi  and  produce  different  fcii(aaons  of  pica* 
fure  or  difpleafurcj  upon  different  perions.  Tboft 
feniations  cannot  be  expre/Ied  or  defined. 

The  agreement  or  dilagreeoient  of  two  or  OK»e 
foundsj  exprefled  at  the  fame  time^  i^eim^  upon 
the  whole»  to  arife  from  the  au>re  or  ItSk  ficquent 
coincidence  of  the  vibrauons.  Thus  any  tone  and 
its  oftave,  agree  better  than  the  lame  tone,  and  its 
fifch»  the  latter  better  than  the  fame  tone  and  its 
third,  ^c.  viz.  the  compound  found  i%  fipootheri 
and  approaches  nearer  to  the  nature  of  z  Gn^ 
found  in  the  firft  cafe  ^  lefs  in  the  fecond ;  ftill  kft 
in  the  third,  9cc.  And,  io  fad,  in  the  firft  cafe 
there  is  a  coincidence  of  vibrations  at  every  fecond 
vibration  of  the  grave  tone,  the  coincidence  is  not 
fo  frequent  in  the  fecond  cafe ;  ftiU  left,  in  the  third, 
luid  fo  on  i  yet  the  more  or  leis  pleafant  or  unpka- 


different  fizes,  and  by  ftretching  them  cfificrendy,  didr 
lengths  are  fuited  to  the  commodious  fize  of  the  iofint* 
ment.  Now  the  great  objed  in  adjufting  the  fizes  aol 
lengths  of  fuch  firings^  is  to  contrive  diat  each  ftrii^  be 
ft  retched  by  a  force  proportionate  to  its  thickneis  and  length  i 
otherwife  the  inftniment  will  not  have  a  uniform  voiod— 
Few  makers  of  fuch  inftrumenti  pay  fiiQcient  aftenticn  to 
this  particular. 

fiot 


Of  M^fieal  Smnds%  391 

ianc  effeft»  cannot  arife  entirely  £rom  that  more  or 
lefi  fitquent  coincidence  \  for  (befides  other  realbn^ 
which,  to  avoid  prolixity,  fhaU  not  be  oientioned 
here)  in  the  firft  place,  a  fucceflion  of  thirds  or  of 
iixths  is  much  more  pleafant  to  the  ear  than  a  fuc- 
ceifion  of  fifths  ^  and,  in  tlie  fecond  place,  (he  in- 
trodudion  of  adifcord  in  certain  accords,  is  npt  only 
tolerable,  but  very  pleafing.  The  cafes  in  which 
difcords  may  be  introduced,  have  been  found  by  ex- 
perience, and  are  fpeciBed  amongfl:  the  praAicai 
rules  of  mufical  compoQiion,  which  do  i)pt  belong 
(o  this  treaciie. 

It  has  been  faid  a)?ove,  that  leldom,  if  ever,  a 
founding  body  pxprefTes  a  fingle  found ;  and  diat 
fuch  founding  bodies  are  ufed  in  mufic  as  exprefs 
the  fimpleft  founds.  But  even  amongft  thofe, 
feme  i}pgular  produ£Uons  of  fecondary  founds  hayp 
been  remarked,  and  the  principal  fa£ts  are  as 
follows : 

If  a  large  firing  of  a  mulical  inftrument  be  found- 
<fl,  or»  in  ihort^  if  a  pretty  deep  and  rather  (ixoqg 
Ibund  be  continued  for  a  little  time,  there  will  be 
heard  at  the  fami:  time  two  other  founds  i  namely^ 
the  1 2th  i|nd  tl^e  17th  of  the  original  found.  For 
inftance,  if  the  loweft  C  in  the  bafe  cliff  be  ibunded| 
you  will  hegr  the  fecond  G  and  ;he  third  E  of  the 
(bale  above. 

It  was  difcovered  by  Tartini,  at  Ancona,  in  the 
year  1713,  that  if  of  the  three  notes  which  form 
the  perfeft  accord  of  3d,  5th,  and  oftave,  (as  for 

€  c  4  inftanc^p 
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inftance  C,  E,  and  G  j  or  G,  B,  and  D,  &t.)  twei 
be  founded  at  the  fame  tirne^  a  third  found  will  be 
heard^  viz.  a  fundanmental  note  \ 

The  various  cafes  of  this  fort  are  fhewn  in 
lig.  lo.  Plate  XIV.  where  the  open  notes  art 
thofe  which  mud  be  founded  (and  here  it  is  to  be 
obferved,  that  they  muft  be  (bunded  perfed^  viz. 
without  temperament),  and  die  black  note  is  d:e 
found  which  is  heard.  The  firft  cafe  is  evidently 
the  reverie  of  that  which  is  mentioned  in  the  para- 
graph laft  but  one.  In  the  laft  caie>  the  note  which 
is  heard  is  in  unifon  with  one  of  thoie  which  is 
founded ;  but  it  may  be  diftinguiihed  by  its  bein^  a 
ibund  of  different  quality. 

The  true  reafon  of  thole  phenomena  is  not 
known  %  nor  fhall  I  detain^  my  reader  with  any 
account  of  the  infbfficy^nt  hypothefes  that  have 
been  offered  for  their  explanation.  Certain  it 
fcems>  that  the  third  found  is  not  produced  by 
the  undefigned  communication  of  the  vibrations  to 
fome  other  firing  or  pipe  of  the  inftrument ;  for 
if  you  take  a  violin,  and  found  at  the  fame  time  C 
on  the  largeft  firing,  and  A  on  the  next,  you  will 
alfo  hear  an  F,  which  is  a  12th  below  the  C, 
and  which  cannot  be  exprefTed  upon  any  firing  of 
the  violin  s  G  being  the  loweft  note  of  that  inftru- 
ment. 

*  Sc9  Tartini's  Trcatifc,  diUa  VirafcUnw  diWArmnia. 

Frequent 
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Frequent  mmtion  is  made  by  tKc  ancient  writers, 
as.alfo  by'  modern  enthufiafts,  of  the  wonderful 
cffefts  of  mufic  on  the   paflioins.      Anger,    com- 
palfion,  love,  melanclioly,    chcerfulncfs,  &c.  may 
in  Ibmc  meafure  be  excited  by  mufic  ;  but  the  con* 
currencc  of  other  circumftances,  the  exaggeration 
of  the  accounts,  ftnd  the  various  fenfibility  of  indigo 
viduals,  will  not  allow  us  to  fetde  the  ftandard  of 
credibility  upon  any  fure  foundation.  The  ancients, 
under  the  name  of  mufic,  comprehended  poetry  and 
dancing ;  and  we  may  eafily  believe  that  fine  poetry 
€tz  to  mufic  In  a  fimple  melody,  and  perhaps  accom* 
pamed  with  dancing,  or  with  adlions,  may  have  had 
confiderable  effedl:  on  the  &ncies  and  af^Aions  of 
dififerent  perfons,  efpecially  of  thofe  to  whom  it  ar- 
rived new. 

With  refpcft  to  the  cfFefts  of  mpdcrn  mufic, 
which  is  undoubtedly  more  refined  than  the  mere 
mufic  of  the  ancients,  mod,  and  perhaps  all,  of  my 
readers  arc  able  to  judge  for  themfelves. 

Amongft  the  extraordinary  efi^efts  that  have  beeii 
afcribed  to  mufic,  its  affording  a  cure  for  the 
poifpn  of  the  Tarantula  fpider,  has  been  fo  fre- 
quently aflferted,  that  it  would  appear  improper 
to  leave  the  ftory  qui^e  unnociced  in  this 
chapter. 

In  the  fouthcrn  part  of  Italy,  efpecially  in  the 
ibuth  of  Naples  and  in  Sicily,  fometimes  perfons, 
almoft  always  of  a  low  condition^  are  bit  by  a 
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largiih  fort  of  fpidcr,  called  tfxrantula.  At  certain 
periods  of  the  year  the  perfon  that  has  been  once  fo 
bit>  afTerts  to  feel  a  pain  about  the  pare  bit, 
which  is  accompanied  with  deje^Sbion  of  fpiriis^ 
fallownefs,  &c.  If  fprighcly  muGc  be  played 
(and  a  certain  jig,  called  the  tMrantella^  is  generally 
played  on  fuch  occafions)  the  patient  gets  up.  and 
begins  tp  dance  widi  irregular  geftures  \  the  quick- 
nefs  of  his  mov^ements  generally  incfeafes  to  a 
irertain  degree  \  and  the  dance  continues  foroetimcs 
without  intermiflion  for  hours.  At  laft  ^e  patient, 
fatigued  and  exhaufted^  throws  himfelf  down  oq 
the  floor,  or  on  a  chair,  or  a  bed^  &c.  to  recnut 
his  ftrcngth  \  and  the  fit  is  over  for  that  time,— 
The  remarkable  part  of  the  ftory  is,  that  this  ex- 
ertion of  dancing,  &c,  cannot  be  dope  without 
mufic.      ' 

In  the  firft  place,  it  is  very  doubtful  whether  the 
Ipider  is  at  all  poifcnous,  or  whether  it  has  any 
ihare  at  all  in  the  produAion  of  the  pretended  ill- 

The  diforder,  probably  a  nervous  or  hyfterical 
afFeftion,  may  arifc  from  other  caufcs,  cfpecially  in  a 
pretty  w.rm  climate.  And  the  violent  agitation  of 
the  patient,  accompanied  with  perfpiration,  &c.  may, 
very  likely,  relieve  him  or  her.  (for  the  tarantula 
bites  women  as  v*^ell  as  n^en.) 

The  pretended  indilpenfable  aid  of  mufic,  the 
long  continuance  of  the  dance^  the  ftrange  gef- 
tures, 
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tures^  and  fevcral  odd  fanciesj  which  fuch  patients 
are  fuppofed  to  have,  are^  in  all  probability,  dilated 
by  prejudice,  by  the  love  of  Angularity,  or  by  the 
deHre  of  exciting  aftonifhmenc  in  the  minds  of 
the  fpeftacors,  whq  are  always  nun^crous  on  fqch 
pccafions. 
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A  GENERAL  VIEW  OF  THE  PRINCIPAL  USES  OF 
THE  ATMOSPHERE  ;  WHEREIN  THE  NATURE  OF 
RAIN    AND    EVAPORATION    W^LL    BE    NOTICED. 

1 

THE  aerial  fluid  which  furrouads  the  caitb, 
?ind  whatever  exifts  thereon,  is  unnoticed  by 
the  vulgar,  amongft  whom  the  words  sir  and 
nothing  are  almoft  fynonimous ;  it  is  confidercd  as 
a  fuperiluous  appendage  by  the  fuperfidal  obfervcr; 
but  the  deepeft  refcarches  of  the  nioft  enlightened 
philoTophers,  acknowledge  the  infinite  wifdom  of 
nature,  in  the  creation  of  a  fluid  moft  indifpcnfably 
ncceflfaryfor  the  maintenance  of  animal  and  vegeta- 
ble  life;  for  the  difperfion  of  light  j  for  the  com- 
munication of  found  J  for  the  abforption  of  water 
from  certain  places,  and  the  difperfion  of  the  fame 
fluid  over  other  places ;  for  giving  mouon  to  a  va- 
riety of  ufcful  machines,  &c. 

There  is  n6t  one  of  the  properties  of  the  air,  nor 
one  of  its  movement5,  however  trifling  or  irregiilar 
it  may  at  firft  fight  appear,  which,  when  duly  con- 
fidered,  will  be  found  to  be  ufelefs  or  defcftivc* 
Were  the  air  either  lighter  or  heavier;  had  il 
a  different  degree  of  elafiicity,  than  it  does  now 
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I,  weic  its  ocher  properties  at  all  altered^  thb 
ifm  of  the  terraqueous  globe  would  be  de* 
d,  and  perhaps  utterly  deftroyed. 
e  fame  incom{5rehenfible  wifdom  that  has  ar* 
d  all  the  parts  of  the  univerf^l  frame,  in  dud 
its  and  proportions^  may  undoubtedly  fie  thetn 
[iSerent  fort  of  atmofphere  by  a  fuitable  altera- 
>f  the  whole  ftate  of  things  ;   but  our  very  U- 
l  comprehenfion,  not  being  able  to  conceive 
fuch  an  alteration  could  be  made  for  the  bctterj. 
finds  ample  reafon  for  fatisfaftion^  admiration; 
7onder>  in  the  invelligation  of  the  properdes  of 
xifting  atmofphere. 

fcer  having  admired  the  general  order^  and  thd 
idential  wifdom  of  nature,  it  will  be  neceflary 
amine,  with  patient  toii>  what  more  immedi- 
concerns  us,  viz.  the  particular  uies  of  the  at- 
ibere,  at  leall  as  far  as  may  be  inferted  in  this 
r;  for  we  muft  neceflarily  refervc  the  chemical 
erties  of  air,  and  its  connection  with  light,  heat, 
cledricity,   for  the  fubfcqbent  parts  of  this 


is  in  confequence  of  the  weight  and  elafticity 
be  air,  that  animals  rcfpire  with  freedom^  and 

the  operations  of  fucking,  pumping,  &c.  arc 
3rmed. 

he  thorax,  or  that  part  of  the  human  body 
rh'is  furrounded  by  the  fpine  or  back  bone, 
ribs,  the  (lernum  or  bread. bone,  and  the  dia« 
Lgm,  is  almoft  entirely  occupied  by  the  lungs, 

^  which 
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which  confift  of  an  immenle  number  df  vrficles^ 
whole  cavities  communicate  with  certain  dufts,  and 
thofe  du£l:s>  with  odiers  of  a  larger  fize^  which  at  laft 
communicate  with  a  large  orie^  called  the  windpipe^ 
the  aperture  of  which  is  in  the  mouth>  at  the  back 
or  root  of  the  tongue. 

The  air^  unlefs  we  keep  both  the  mouth  and  the 
noftirils  clofed,  communicates  with  the  infide  furface 
of  the  liings  %  that  is^  of  its  innumerable  veficlqi 
Md  with  the  outfide  of  the  thorix  or  cheft*  If  we 
enlarge  the  <^heft|  the  weight  of  the  atmofpbere 
drires  a  quantity  of  air  in  our  lungs^  which  is  called 
M  infpiratumi  and  if  we  contraft  our  cheft,  a 
quantity  of  air  is  expelled  from  it^  which  is  called 

The  enfcirgcment  of  the  cheft  is  occafioned  by  aft 
elevation  of  the  ribs,  by  a  fmall  motion  of  the  ftcr- 
num,  and  by  a  fuitable  movement  of  the  diaphragm . 
but  the  aftjon  of  each  part  cannot  be  underftood 
without  a  particular  anatomical  defcription^  which 
does  not  belong  to  this  trcatife. 

The  freedom  of  refpiration  in  a  found  animal 
body,  depends  on  the  equal  preflurc  of  the  at- 
mofphere>  both  on  the  infide  furface  of  the  lungSi 
and  on  the  outfide  of  the  body.  In  feft,  if  wc 
keep  both  mouth  and  noftrils  accurately  clofed>  w« 
can  neither  contraft  nor  expand  our  cheft  i  ex- 
cepting, indeedj  in  a  fmall  degree ;  for  the  quan- 
tity of  air  which  always  remains  within  the  lungSi 
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may  be  a  little  rarefiedj  or  comprcffcd/  by  the  exer- 
tion of  om  mufcles. 

A  mail  tifually  performs  about  twelve  in(pira« 
tions,  and  as  many  expirations  in  a  minute  1  but  re-^ 
fpiration  may  be  quickened  by  various  caufes^  as  by 
agitation  of  the  body  or  mind,  by  heat,  by  a  rarefied 
or  vitiated  atmofphere^  and  by  difeafes.  In&nta 
breathe  quicker. 

In  genera],  a  full  grown  perfon  takes  id  between 
20  and  30  cubic  inches  of  air  at  every  iiifpiration, 
and  expels  about  the  fame  quantity  at  every  expi^^ 
ration,  but  a  great  deal  of  air  does  always  remain 
111  the  lungs.     In  a  forced  or  violent  infpiration,  or 
expiration,  a  double  quantity,  of  air,  viz,  about  50^ 
^  cubic  inches  of  air,  may  be  taken  in  or  expelled, 
and  even  then  a  confiderable  quantity  of  air  remains 
m  the  Itings,  beGdes  what  is  contained  in  the  mouth, 
wind  pipe,  &c.  for  the  capacity  of  Che  lungs  of  a 
roan,  may  at  a  mean  be  reckoned  equal  to  about  two 
cubic  feet. 

The  operation  of  fuckingj  in  general,  confifts  in 
removing  the  preflfure  of  the  atmofphere  from  a 
certain  part  of  jthe  furface  of  a  fluid,  whilft  that 
jureflure  is  at  liberty  to  aft  on  (bme  other  part  of  the 
furface  of  the  fame  fluid,  in  confequence  of  which 
the  fluid  is  forced  to  afcend  where  the  preiTure  has 
been  removed  or  diminiflied. 

If  a  man  apply  his  mouth  to  the  aperture  of  a 
lK)ttle  full  of  liquor,  and  flanding  flraight  up^  he 
iRTill  not  be  able  to  fuck  any  liquor  out  of  it  i,  but 
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if  a  hole  be  opeqed  at  the  bottom  of  the  bottle,  ttd 
that  bottle  be  fct  in  a  bafon  full  of  liquor,  then  the 
liquor  may  be  fucked  out  of  it.  Aftd  the  fame 
effeffc  will  take  place  if  an  open  tube  be'fet  witH 
one  end  in*  water,  and  a  man  apply  his  mouth  to 
the  other  end,  and  fucks^  The  mechanical  part  of 
the  operation  is  as  follows  !  —  By  enlarging  his 
cheft,  the  man  rarefies  the  air,.and^  of  courfe,  di- 
minifiies  its  prefiure  on  the  liquor,  which  is  iiti- 
mediately  under  the  tube  ^  in  cofifequence  of  which 
the  preflure  of  the  atmofphere  on  the  fur  face  of  the 
furrounding  liquor,  forces  the  liquor  to  afcend  into 
the  tube«  (See  the  experiment^  which  is-defcribed 
in  page  205.) 

In  the  operation  of  fucrkilig,  after  the  fnaiifid' 
of  children,  the  rarefaction  is  produced  in  the  fore 
part  of  the  mouth  %  viz.  the  tongue  is  applied  fo  ai 
to  fill  up  the  fpace  between  the  lips  and  the  nipplf, 
or  pipe  which  conveys  the  milk  or  other  liquor; 
then  the  tongue  is  drawn  backwards,  whilft  the  lips 
are  laterally  prcffed  againft  it,  by.  which' means  a 
litdc  vacuum  is  formed  before  it,  and  the  liquor  is 
forced  into  that  vacuum  by  the  prcffurc  of  the  at- 
mofphere upon  its  external  furface,  or  upon  ihc 
furface  of  the  bag  which  contains  it. 

If  an  empty  vcffcl,  having  one  aperture,  be  ap** 
plied  with  its  aperture  to  the  lips,  and  the  above- 
mentioned  operation  of  fucking  be  performed,  the 
veffcl,  if  not  too  heavy,  will  remain  attached  to  tbd 
lips,  and  that  for  the  fame  reafon. 

It 
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It  is  for  the  fame  rcafon,  that  fnails  remain  at- 
tached to  iblidsy  that  limpets  adhere  very  firmly  to 
rocks,  that  the  fea  polypus  holds  with  great  force 
ivhatever  It  faftens  its  daws  to,  and  that  fbme  in* 
fedbs  fufpend  themfelves  to  folids ;  for  though  not 
performed  with  the  mouth,  the  principle  of  the 
operation  is  exadly  the  fame,  viz.  a  fbft  membrane 
is  applied  to  the  fblid,  then  the  middle  part   of 
that  furface  is  withdrawn  a  little  way,  fb  as  to  form 
a  vacuum,  or  at  leaft  a  rarefadion  of  the  air  be* 
tween  the  centre  of  the  foft  membrane  and  the  fdlid, 
in  confcquencc  of  which  the  parts  of  the  membrane 
which  furround  that  fpot,  are  by  the  gravity  of  the 
^tmofphere  prefTed  againfl  the  folid,  and  the  latter 
is  prefTed  againfl  the  former;  hence  the  adhefion 
takes  place. 

'  Leather  fuckers,  which  aft  precifely  nipon  the 
lame  principle,  are  not  ^infrequently  feen  in  the 
hands  of  boys  about  the  flreets  of  London.  A 
circular  piece  of  thick  leather,  about  two  inches  in 
diameter,  has  a  firing,  faftcned  to  its  centre.  The 
leather  being  previoufly  well  foaked  in  water,  is  , 
applied  flat  and  ciofe  to  the  fmooth  furface  of  a 
done.  The  interpofition  of  a  little  water  promotes 
the  adhefion.  Then  the  boy  pulls  up  the  firing, 
and  the  flone,  if  not  too  heavy,  comes  up  adhering 
CO  the  leather. 

The  claws  of  the  polypus  are  fumifhed  with  a 
great  many  fuckers  of  the  like  nature.  The  limpet 
ibrms  one  fucker  of  its  whole  bodj^  and  the  fame 

▼OL,  !£•  DO  thing. 
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thing,  with  little  variation,  is  done  by  various  othcf 
animals,  cfpccially  of  the  infcft  tribe. 

The  a6tion  of  the  glafs  cup,  which  is  made  to 
adhere  to  the  flelh,  for  the  purpofe  of  bleeding,  de-  • 
pends  upon  the  fame  principle  ;  excepting  chat  the 
air,  within  the  glafs  cup,  is  rarefied  by  means  of 
.  heat,  or  by  means  of  a  fmall  exhaulling  engine. 
It  is  hardly  needful  to  add,  that  the  limpet  could 
not  adhere  to  the  rock,  nor  could  the  leather  fucker 
ad,  or,  in  ihort,  that  none  of  thofe  fucking  opera- 
tions could  take  place,  in  vacuo. 

The  principal  advantage  which  is  derived  from 
the  vibratory  movement  of  the  air,  is  the  propa- 
gation of  found,  which  could  not  be  accomplilbcd 
by  other  means ;  for  though  founds  arc  conveyed 
by  feveral  other  bodies  better  than  by  air  \  yet  in 
common  affairs  other   bodies  arc  neither  to  be 
found,  nor  can  they  be  applied  between  the  found- 
ing  bodies  and  our  ears :  whereas  the  air,  by  fur- 
rounding  the  whole  earth,  and  whatever  exifts  upon 
it,  is  always  ready  to  convey  founds  of  any  fort,  and 
in  every  direflion. 

The  progreffive  motion  of  the  air  is  alfoof  im- 
mcnfe  and  indifpenfable  ufe.  The  winds,  fo  ge- 
neral, fo  frequent,  and  fo  various,  befides  the  more 
obvious  efFefts  of  driving  ftiips,  windmills,  &c 
preferve,  by  mixing,  the  neceffary  purity  of  the  at- 
mofphere.  The  air  is  contaminated  by  animal  re 
fpiration,  by  fermentation,  and  putrefaftion  of  ani- 
mal and  TCgetabk  fubftances»  as  alfo  by  odier 
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procefles ;'  on  the  other  hand  it  is  purified  by  ve- 
getation in  certain  circumftances,  by  agitation 
amongft  aqueous  particles,  and  probably  by  other 
imeans.  Now  it  is  owing  to  the  winds  that  the  im- 
pure portions  of  the  atmofphere  are  misted  with 
the  more  purified  parts  of  it  j  and  that  a  proper 
mean  is  prcferved.  The  winds  likewife  drive  away 
vapours,  clouds,  fogs,  and  mifts)  from  thofe  parts 
in  which  they  are  copioufly  formed,  to  others  which 
are  in  want  of  moifturej  and  thus  the  whole  furface 
of  the  world  is  fupplied  with  water.  But  it  will  be 
iicceflary  to  take  a  more  particular  notice  of  what 
relates  to  evaporation  and  rain. , 

When  water  is  left  expofed  to  the  ambient  air, 
the  quantity  of  it  will  be  gradually  diminiflied,  and 
after  a  certain  time,  the  whole  of  it  will  difappear. 
The  water  in  this  operation  is  reduced  into  an  claf- 
tic  fluid,  and.  is  gradually  difperfed  throughout  the 
air. 

If  a  fmall  drop  of  water  be  placed  in  a  large  glafs 
bottle  full  of  pretty  dry  air,  the  drop  of  water  will 
difappear  after  a  certain  time,  efpecially  if  the  bottle 
be  placed  in  a  warm  place.  And  if  afterwards  the 
lame  botde  be  cooled,  the  water  will  thereby  be  fe- 
parated  from  the  air,  and  may  be  feen  adhering  to 
the  infidc  furface  of  the  bottle. 

Heat  promotes,  and  cold  retards,  evaporation  $ 

»       - 

but  even  a  piece  of  ice  has  been  found  to  evaporate, 
.and  tobediminifhed  in  weight>whilft  the  atmoiphere 
is  adually  in  a  freezing  ftate. 

D  D  2  Winds, 
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Wkids^  or  agitadon>  promotes  evaporation. 

If  a  quantity  of  water  be  placed  m  vacuo,  viz.  if 
be  placed  under  the  receive  of  an  air  pump,  in  the 
tommon  temperature  of  the  atmofphere,  and  the 
air  be  exhaufted,  a  very  fmall  portion  of  the  water 
Hvill  expand  itfetf  dirough  the  receiver,  after  which 
the  quandty  of  water  will  remain  unaltered.  If 
lAe  pumping  be  continued,  the  water  will  be  dimi- 
niihed  a  little  more ;  for  as  part  of  the  fteam  is  ex^ 
a'a^d  from  the  receiver,  a  litde  more  fteam  is  k* 
paratcd  from  the  water ;  but,  upon  the  whole,  the 
water  will  by  this  means  be  diminiihed  in  qinntity 
very  little  indeed.  On  re-admitdng  the  ait  into 
the  receiver,  the  above-mentioned  vapour  is  again 
condenfedi  almoft  entirely  into  water.> — Heat  pro- 
motes the  evaporation  in  vacuo. 

Water  then  may  exift  in  air;  ift>  in  an  invifiUr 
ftate,  which  is  the  cafe  when  the  diflblving  power 
of  air  is  confiderable  -y  adly,  in  a  ftatc  of  incipient 
ftparadoH,  in  which  cafe  it  forms  slouds^  mifls^  or 
figs  i  3^y»  and  laftly,  in  a  ftate  of  a&ual  fepara* 
iion,  in  which  cafe  it  forms  cither  raiuy  properly  (o 
called,  or /newy  or  haiL 

Ghuds  are  thofc  well  known  affemblages  of  va- 
pours that  float  in  the  atmofphere ;.  have  different 
degrees  of  opacity,  which  arifcs  from  their  extent 
and  dcnfity  j  and  generally  have  pretty  well  defined 
boundaries.  Their  height  above  the  furfacc  of  the 
earth  (I  mean  not  abovfe  the  mountains)  Is  various, 
but  hardly  evei-  exceeds  a  mile  or  a  mile  and  a  half. 
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In  hot  weather,  or  hot  climates,  the  clouds,  being  tnorji 
rarefied,  arc  lighter,  and  afcend  much  higher  than 
.  they  do  in  colder  climates,  or  colder  weather :  and 
indeed,  in  cold  weatl>er  the  clouds  frequently  touch 
cfic'very  forfacc  of  the  earth ;  for  a  fog  may  with 
propriety  be  called  a  cloud  clofe  to  the  ground. 

A  mi(i  is  a  very  indefinite  word.  Ic  means  411 
incipient  formation  of  clouds,  or  hazinefs ;  and  ic 
often  denotes  a  very  fmall  rain,  or  a  depofidon  of 
water  in  particles  lb  fmall  as  not  to  be  vifible 
fingly. 

Tktjnvw  is  formed  when  the  atmo(phere  is  fo 
cold  as  to  freeze  the  particles  of  rain  as  fbon  as  f bey 
are  fornnied,  and  the  adherence  of  fevcral  of  thofc 
particles  to  each  other,  which  meet  and  cling  to 
each  other  as  they  defcend  through  the  air,  forms 
the  ufual  fleeces  of  fnow,  which  are  larger,  (fincc 
they  are  longer  in  defcending,  and  have  a  greater 
opportunity  of  meeting)  when  the  clouds  are  higher 
dian  when  they  are  lower. 

The  bail  differs  from  fnow  in  its  confiding  or 
much  more  folid,  and  much  more  defined  pieces  ot 
congealed  water.  It  is  fuppofed  that  the  water,  al- 
ready formed  into  coRfiderable  drops,  is  driven  and 
detained  a  confiderable  time  through  a  cold  region 
of  the  atmofphere,  by  Ae  wind,  which  almoft 
always  accompanies  a  h\\  of  haii.  But  the 
globes  of  ice,  or  bail-Jones^  in  a  fall  of  hail, 
ibnncumes  far  exceed  the  ufual  fize  of  the  drops 
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q(  rain* ;  which  (hews  that  by  the  a&ion  of  the 
wind,  the  congealed  particks  muft  be  forced  to 
adhere. to  each  others  and,  in  fatSt,  though  the 
fmall  hail-ftoncs  are  more  unifonnly  folid  and  glo- 
bular, the  hrge  ones  almoft  always  coniift  of  a 
harder  nucleus,  which  is  furronnded  by  a  fofter  fub- 
dance,  and  fometimcs  by  various  diftinft  pieces  of 
ice,  juft  agglutinated.  Their  (hape  is  feldom  per- 
fcdly  globular. 

If  a  veflcl  of  an  uniform  (hape,  and  full  of  water, 
be  expofed  to  the  ambient  air,  and  the  decreafe  of 
water  in  it  be  meafured  at  the  end  of  every  day,  or 
month,  or  year,  or,  in  (hort,  of  any  given  period, 
the  evaporation  which  has  taken  place  through  that 
period  may  be  afcertained ;  and  it  is  generally  ex* 
prefled  by  the  number  of  inches  and  tenths  :  thus, 
if  it  be  faid  that  the  evaporation  of  a  certain  pond  in 
one  month  be  lo  inches,  the  meaning  is,  that  lo 
inches  depth  of  water  are  evaporated  in  one  month  i 
or,  that  if  the  water  which  has  been  evaporated  from 
i^  in  one  month  might  be  cdledbed  and  placed  in  a 


*  Accounts  of  haiUftones  of  a  very  large  fize  may  be  met 

with  in  almoft  all  the  works  of  natural  philofophy,  in  feveral 

periodical  works,  in  accounts  of  voyages,  &c.     I  have  been 

afTurcd  by  creditable   eye-witneiTes,   that  in   the  idand  of 

Sicily  hail-ftoncs  have  fometimes  meafured  more  than  three 

ipches  in  circumference.     Jir.  Halley  gives  an  account  of 

hail-ftones  that  weighed  5  ounces  each.     It  is  no  wonder 

then  that  falls  of  hail  foihetimes  demolifli  glaflcs,  kill  feveral 

animals,  and  deftroy  fruit,  grain,  &c« 
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Ycflfcl  with  ftraight  up  fides,  and  having  an  horizontal 
furface  equal  to  the  ftirfacc  of  the  pond,  the  collefted 
water  would  fill  10  inches  depth  of  that  veffd. 

If  a  vcflTel  for  meafuring  the  cvaporacion  be  left 
long  expofed,  the  forface  of  the  water  will  defccnd  a 
confiderable  way  below  the  edge  of  it,  in  which  cafe 
the  fubfequent  evaporation  would  be  retarded.  This 
indeed  might  be  remedied  by  the  addition  of  certain 
quantities  of  water  at  ftated  times  j  but  there  is  an- 
other inconvenience  attending  it,  which  is,  that  in- 
izGt&y  dud,  &c.  fall  in  it,  and  thicken  or  cover  the 
water.  Therefore,  the  beft  way  is  to  note  the  eva- 
poration either  every  day,  or  whenever  it  may^  be 
convenient,  but  to  clean  the  vefTel,  and  to  change 
the^water  in  it  at  Ihort  intervals ;  for  infl:ance,  once 
a  week  at  leaft,  A  veffel  fit  for  fuch  purpofe  ought 
to  have  an  aperture  not  lefs  than  8  or  10  inches  in 
diameter.  . 

The  quantity  of  evaporation  from  the  furface  of 
the  fea  or  of  the^land,  has  been  eftimated  in  certain 
places  only  by  a  few  fcientific  perfons  j  but  their 
edimates  are  leldom  to  be  depended  upon.  Ge- 
neral dcduftions,  for  extenfive  tradls,  from  partial, 
fmall,  and  fometimes  equivocal,  experiments,  can- 
qot  afford  much  fatisfaftion,  efpecially  when  the 
refults  of  the  experiments  difagree  from  e^ch 
other. 

The  quantity  of  evaporation  is  various  in  dif- 
ferent fpots.  The  furface  of  water  furnifhes  upon 
the  whole  the  greatefl:  quantity  of  vapour  i   the 
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land  more  or  kfs,  according  as  it  is  marihy  or 
rocky,  or  covered  with  vegetation»  &c 

In  hot  climatesj  the  evaporation  is  incomparablf 
greater  than  in  thofc  which  are  colder.  The  era- 
poracion  from  places  that  are  mucli  cxpokd  to  the 
"wind  and  the  fun»  is  likcwife  greater  than  from 
other  places. 

It  was  obferved  in  Iiondon,  by  Dr.  HaHey,  due 
th^  evaporation  of  water,  fituated  in  a  room,  out  of 
the  influence  of  the  fun  and  of  the  wiodt  amounted, 
in  one  year,  to  8  inches.  It  was  his  opinion  alib^ 
fhat  by  the  influence  of  the  wind,  the  quandty  of 
evaporation  would  have  been  trebled,  and  that  this 
again  would  have  been  doubled  by  the  influence  of 
the  fun.  Upon  the  whole,  he  reckons  the  annual 
quantity  of  evaporation  for  London,  at  48  inches  *« 
—Probably  too  great. 

Dr.  Hales  eftimates  the  annual  evaporation  from 
the  furface  of  the  earth  only  in  England  at  6,66 
inches  !• 

Dn  Dobfon  deduced  from  a  mean  of  accurate 
experiments  made  by  himfclf.  during  four  yean, 
that  the  annual  evaporation  from  the  ibrface  of 
water  at  Liverpool,  amounts  to  36,78  inches  J. 


♦  Phil.  Tranf.  N.  212. 

f  Vcg.    Stat.  vol.  I, 

J  Phil.  Tranf.  vol.  67th,  for  1777.  The  quantity  rf 
evaporation  for  each  of  the  four  years,  was  as  follows: 
«77**  3St9S  inches;  1773.  34,59  inches i  1774,  36,64 
iochcsj  1775.  39,96  incheu^ 
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It  has  been  cakulaced,  that  in  one  fumnier's 
day,  abotx  5280  nnilions  of  tuns  of  water,  are  pro- 
bably craporatcd  fiom  the  furfiice  of  the  Mediterra- 
nean^. It  has  alfo  been  calculated  (omitting  the 
Ijreat  uncertainty  to  which  fuch  calculations  are  lia« 
ble)  that  all  the  rivcra,  or  at  leafl  the  nine  principal 
rivers,  which  difchargc  their  waters  into  the  Medi« 
terranean,  do  not  furnilh  more  than  1 8  27  millions 
of  tuns  of  water  per  day  f.  The  deficiency  is  un« 
doubiedly  fupplied  by  the  rain,  which  falls  upon 
the  fame  fea,  and  by  the  current  which  is  con- 
ftantly  running  from  the  Atlantic  ocean  into  the 
Mediterranean  through  the  ftreights  of  Gibraltar. 

It  may  naturally  be  enquired  by  what  means 
waterj  which  is  io  much  heavier  than  air,  is  con- 
verted into  a  fluid  fo  light  as  to  float  in  air ;  and 
how  does  it  remain  fufpended  and  difperfed  there- 
in, fometimes  without  the  leafl:  tendency  to  fepa* 
ration.  • 

Various  hypotheses  have  been  ofiered  in  expla* 
nation  of  this  fubjed ;  but  I  fliall  not  detain  my 
reader  by  the  account  of  opinions  that  are  always 
infufficient,  and  frequendy  abfurd.  The  moft  re- 
markable fads,  which  may  aflTift  the  inquifitive 
mind  in  the  inveftigation  of  the  fubjeft,  are  as 
follows : 


^  The  vapour  of  iiba  water  does  not  t^  up  any  laline 
particles. 

PbiL  TranC  N.  212. 
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If  the  fleam  of  water  be  examined  by  means  of 
knfes  or  microfcopes^  no  regular  bodies  or  confi- 
guration of  particles  will  be  diftinguiffaed  in  it. 

There  is  an  evident  attraAion  between  water  and 
air>  viz.  the  attra&ion  of  cohefion  *.  If  a  fmaH 
bubble  of  air  be  introduced  in  a  glais  vcflcl  filled 
with  boiled  water,  and  inverted  in  water>  that 
quantity  of  air  will  difappear  in  t  day  or  two* 

Heat^  which  diminifliea  the  attradion  of  aggrc* 
gauon  <between  the  particlea  of  water,  muft  of 
courfe  render  the  attrafUon  between  air  and  water 
more  aflive ;  but,  cateris  paribus,  hot  air  is  a  better 
folvent  of  water,  than  colder  air.  The  cooling  of 
hot  atmofpherical  air  is  .generally  accompanied 
with  a  depoficion  of  water,  which,  according  to 
die  quantity  of  water  previoufly  contained  in  the 
air>  and  the  greater  or  leis  alteratio'n  of  temperature, 
aOumes  the  form  of  mills,  or  clouds,  or  rain  :  and 
on  the  other  hand,  the  heating  of  air  is  attended 
with  a  diffipation  of  vapour,  and  an  increafe  of 
tranfparency  j  hence,  as  the  fun  rifcs,  the  miftincfs 
of  the  night  air,  when  no  other  cireuoiftance  intcr- 


♦  It  rs  impoffible  to  annex  oiorc  appropriate  names  to 
indefinite,  or  unfettlcd,  ideas.  Certain  it  is,  that  water  wiD 
abforb  a  quantity  of  air,  and  that  air  abforbs  a  certain  qiran« 
tity  of  water ;  and  to  thofe  abforbing  powers  we  give  the 
ranrtc  of  attra^kn  or  dijfolving  property  \  whether  they  are 
really  owing  to  the  attraflion  of  cohefion,  properly  fo  called, 
or  not. 
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nes^  is  gradually  diflipatedj  and  the  ^tmof}>here 
ari  up;  hence,  in  this  country,  the  foutherly 
^  wefterly  winds,  which  drive  the  air  from  warnier. 
mates,  generally  bring  rains  or  miftss  whereas 
:  contrary  effeft  is  rooftly  produced  by  northerly 
cafterly  winds,  which  bring  the  air  from  colder 
^ons.  But  the  fame  change  of  temperature  is 
t  always  accompanied  with  the  fame  difiipation  or 
pofition  of  water  in  the  atmofphere. 
It  has  been  fully  eftabiiflied,  by  the  rcfult  of  a  va^ 
ty  of  experiments,  that  when  water  is  converted 
0  fteam  or  vapour,  it  abforbs  a  quantity  of  heat^ 
lich  is  neceflary  to  its  elaftic  (late  ;•  (for  the  fteam 
water  is  elaftic,  viz.  it  may  be  comprefledj  or 
sanded,  by  the  addition  or  diminution  of  pref- 
e.)  This  quanti:y  of  heat  is  depofited  when 
im  aflumes  the  form  of  water, 
[f  you  moiften  part  of  your  hand,  and  then  blotiv 
on  it  fop  the  purpofc  of 'increafing  the  evappra* 
n,  you  will  feel  that  part  of  the  hand  fenfibly 
)lcd,  viz.  the  water,  in  its  afluming  the  form  cA 
am,  robs  the  hand  of  part  of  its  heat.  If  you 
cc  your  hand  over  the  fteam  of  boiling  water, 
:  hand  is  much  warmed  by  the  heat  which  the 
im  depoftts  upon  it  in  its  reafTuming  the  form  of 
tcr. 

It  is  a  common  praftice  amongft  failors,  to 
>iften  one  of  their  fingers  by  putting  it  into  the 
luth,  and  then  to  expofe  it  above  their  head  5  by 
ich  means  they  can  tell  which  way  the  wind 

blows  i 
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Mows ;  for  that  fide  of  the  finger  which  is  cxpofcd 
to  the  wind,  feels  colder  than  the  rcfl:,  the  cva- 
pcmition  on  that  fide  being  promoted  by  the 
wind. 

Befides  the  ablbrption  of  heat,  the  eraporation  of 
water  (as  has  been  fiiUy  afccrtained  by  the  roy 
able  Profeffor  Volta),  is  alfo  attended  with  an  ab- 
forption  of  electric  fluid ;  and  on  die  other  hand,  the 
tonverfion  of  (team  into  water  is  attended  with  a 
depofition  of  elcAric  fluid.  The  expenniems, 
which  prove  thofe  fads,  will  be  found  in  the  third 
part  of  thefe  Elements,  in  the  SefHon  for  Elec- 
tricity. 

It  feems,  therefore,  that  the  formation  of  vapouTi 
or  clouds,  or  fogs,  or  rain,  and  fuch  like  pheno- 
mena, depends  upon  the  concurrence  of  all  the 
above-mentioned  circdmftanccs,  and  perhaps  the 
formation  and  duration  of  each  phenomenon  in 
particular  depends  upon  the  various  degrees  of  thofe 
different  circumftances,  which  necefl&ry  degrees  arc 
by  no  means  known. 

The  moifture  of  the  atmofphere,  or  rather  that 
quantity  of  water  which  is  not  in  perfeft  folution 
with  the  air,  but  has  not  yet  acquired  the  form  of 
^ater,  is  meafured  by  an  inftrument,  called  the 
hygrometer.  The  rain,  or  that  quantity  of  water 
which  falls  from  the  clouds,  or  is  depofited  by  the 
air  in  vifibte  drops,  is  meafured  by  means  of 
another  inftrumert,  called  the  fluviomcfer  or  rmn- 

2  _        Idff. 
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^Mge.    Thefe  inftruments  will  be  dcfcribed  at  the 
end  of  this  chapter. 

The  rain,  which,  as  has  been  (aid  above,  confifU 
of  the  water  that  has  been  exhaled  from  the  furface 
of  the  terraqueous  globe,  either  falls  in  very  fmall 
particles  of  little  gravity^  in  which  cafe  it  is  more 
|>roperly  called  dew^,  or  mijl  or  fog  ^  or  clfc  it  falls 
in  larger  drops  of  various  fizes,  in  which  cafe  it  if 
properly  called  rain. 

When  the  clouds  are  near,  as  is  moftly  the  cafe 
in  the  winter  feafon^  or  upon  mountains,  the  drops 
of  rain  are  fmall,  not  having  time  fufficient  to  join 
.^nd  to  grow  large.  But  when  the  clouds  are  very 
high,'  as  is  the  cafe  in  the  fummer  feafon^  or  in  hot 
climates,  the  drops  are  much  larger,  and  the  rain 
very  copious.  A  rain-gage,  placed  upon  the  fur- 
face of  the  earth,  receives  a  greater  quantity  of 
rain  in  the  fame  time,  than  a  (imilar  gage,  which 
is  fituated  higher  up.  A  few  feet  difference  of 
perpendicular  altitude  make  a  confiderable  dif- 
ference t-  The  quantity  of  rain  is  exprefled  by 
inches  and  tenths;  thus,  if  ic  be  faid  that  20, j 
inches  of  rain  fell  in  one  year  in  London,  the 
meaning  is,    that  if  the  fur&ce  of  London  had 


*  The  diWj  properly  ipeaking^  Is  that  moifture  which 
Cdls  during  the  abfence  of  the  fun,  and  without  the  neceffary 
prefence  of  clouds. 

f  See  the  Phil.  TranC  vol.  59th.  art.  47.  and  vol.  67th. 
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:becn  perfeftljr  flat>  and  all  the  rain  chat  fell  upon  ic 
throughout  that  year,  had  remained  upon  it  with- 
out evaporation^  draining,  or  abforpdon,  the  depth 
of  it  would  have  amounted  to  20,3  inches.  There- 
fcre,  if  a  veflel  open  at  top,  and  having  ftraight 
up'  (idesj  be  expofed  to  the  atmoipbere  ib  as  ta 
^receive  the  rain,  and  is  fo  conftrufted  as  to  prevent 
evaporation ;  the  depth  of.  water  accumulated  in 
that  veiTel,  will  fhew  the  quantity  of  rain  for  the 
adjacent  country,  and  the  veflel  itfelf  is  a  rain- 
gage.     ^ 

The  quantity  of  rain  which  falls  daily  or  an- 
nually in  various  parts  of  the  worlds  bas  been,  and 
is,  frequently  meafured  and  regiftered  \  but  it 
might  be  wifhed  that  fuch  obfervadons  were  infti- 
tuted  in  a  great  many  more  places ;  for,  confidcriog 
how  unequal  and  partial  fains  are,  ~ we  muft  con- 
clude, that  the  indication  of  a  rain-gage  will  fervc 
iox  no  great  extent  of  circumjacent  country. 

The  rains  on  the  vicinity  of  hills  or  mountains, 
or  forefls,  are  generally  more  copious  than  in  other 
places^  In  feveral  places,  efpecially  within  the  tor- 
rid zone,  the  rain  is  feldom  feen.  It  has  been  af- 
ferted,  as  a  real  diough  fingular  fa6i:,  that  it  never 
rains  in  the  kingdom  of  Peru  j  but  that  during  part 
of  the  year  the  atmofphere  over  the  whole  country 
is  obfcured  by  thick  fogs,  called  ^ar«Ar  *. 


•  D'Ulloa's  Voyage  to  South  America,  vol,  II.  p.  69. 
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A  rain-gage  is  kept  cxpofcd  over  the  apartmenrs 
of  the  Royal  Society  in  London,  and  its  contents 
are  noted  frequently.    It  appears  from  that  regifter, 
chat  a  iTiean  of  the  annual  quantity  of  rain  in  Lon< 
don  amounts  to  little  more  than  2 1  inches,  but  a 
confiderable  inequality  exifts  between  the  quantities 
for  the  fingle  years  ;  for  fometimes,  as  in  the  year 
1 791,  the  quantity  of  r^iin  is  about  15  inches,  and 
at  other  times,  as  in  the  year  1774,   as  alfo  in 
1779,    ^^  ^^^  amounts    to  26  inches  and  up- 
wards* 

At  Upminftcr,  in  Effex,  the  annual  average  of 
rain  is  1 9, 1 4. 

At  Liverpool  it  is  37,43  inches* 
At  Townley,  in  the  neighbourhood  of  the  hills 
which  divide  Lancalhire  and  Yorkfhire,  it  is  4i>5 16 
inches. 

At  Lyndon,  in  Rutland,  it  is  24,6  inches. 
At  Dublin,  in  Ireland,  it  is  about  22,25  inches. 
At  Paris,  the  annual  average  is  20,19  inches. 
At  Lifle,  in  France,  it  is  24  inches. 
At  Zuric,  in  SwifTerland,  it  is  32,25  inches. 
At  Pifa,  in  Italy;  it  is  43,25  inches. 

**  The  annual  quantity  of  rain,"  as  Dr.  Dohfon 
jujily  obftrves^  "  is  a  very  uncertain  teft  of  the 
**  moifture  or  drynefs  of  any  particular  feafon, 
**  fituation,  or  climate*  There,  may  be  little  or 
^*  even  no  rain,  and  yet  the  air  be  conftantly  damp 
^*  and  foggy  j  or  there  may  be  heavy  rains,  with 

**  a  com- 
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««  a  comparatively  dry  (late  of  the  atmofphcit. 
**  The  fame  depth  of  rain  will  likewife  produce 
^^  difFerent  cflTeds  on  the  air,  according  as  it  falls 
••  upon  a  flat  or  hilly  country;  for  large  quantities 
''  ibon  quit  the  hills,  or  high  grounds,  while 
^  fmaller  quantities  have  nnore  lading  and  pow- 
^*  erful  effcAs  6n  a  flat  country.  Much  alfo  de« 
^  pends  upon  the  nature  of  the  foil,  whether  clay 
^  or  fand,  whether  firm  olr  coa>pa£b,  or  loofe  and 
•*  Ipongy/* 

*•  Is  not  evaporation,  therefore,  a  more  accurate 
**  teftof  the  moifl:ure  or  dryncfs  of  the  atmosphere, 
••  than  the  quantity  of  rain  *  ?** 

But  if  it  be  confidered  that  the  evaporation  from 
^c  furfiice  of  water  only,  is  far  diflfcrent  from  the 
evaporation  from  the  diverfifled  furface  of  a  com* 
try  %  the  uncertainty  of  the  latter  method  will  appear 
equally  great. 

The  hygrometer  fhews,  that  in  general  the 
moifture  of  the  atmofphcre  is  greater  in  low  fitua- 
tions,  than  in  more  elevated  places :  but  the  moft 
remarkable,  and  at  the  fame  time  the  moft  unac- 
countable, part  of  the  fubjeft  is^  that  ibmedmcs, 
(as  has  been  obferved  by  fcientiflc  perfons)  on 
mountains  and  od)er  elevated  fituationsj  whiift  the 
thermometer  is  ftationary,  and  the  hygrometer 
fliews  a  confiderable  degree  of  actual  and  even 
incrcafing  dryncfs,  clouds  are  quickly  formed, 
and    often    a    copious    rain    fucceeds ;    whereas, 


♦  Phil.  Tranf,  voK  67th.  p.  244. 
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M  other  cifiieS)  a  chick  or  clouded  acmofpherc 
quickly  dears  upi  and  chat  without  any  apparent 
xanfe. 

.  It  icecns  AS  if  the  vapour  of  water  changed  its 
nature  by  being  difperfed  through  the  atmofphere. 
JBut  we  are  certainly  ignorant  of  that  particular  dif- 
pofition  id  the  atmofphere,  which  produces  fo  great 
a  diange.  We  find,  for  inftance,  that  clouds  of 
imnaenfe  extent,  fbmetimes  rife  from  the  horizon ; 
that  inftead  of  being  driven  by  the  exifting  wind, 
they  actually  change  its  direftion ;  -  that  other  clouds 
are  quickly  formed.  A  great  ftorm  enfues ;  the 
rain  is  abundant  1  every  thing  acquires  a  confident- 
ble  degree  of  moiihire  i  yet  an  hour  after,  the  fe- 
renity  of  the  air  is  reftored,  and  the  natural  procefs 
of  evaporation  becomes  as  vigorous  as  ever. 

The  quantity  of  evaporation  from  the  land  is, 

jn  general,  much  lefs  than  the  rain  which  falls  upon 

the  fame ;  whereas,  from  the  furface  of  the  fea, 

lakes  and  rivers,    the    evaporation    exceeds    the 

cain*     The  like  difference  does  alfb  exift  between 

cold  and  warm  climates.     But  the  adion  of  the 

inds,   and  the  running  of  the  fuperSuous  rain- 

from  the  land  again  into  the  fea,  compenfates 

deficiencies,  and  keeps  up  a  ufeful,  neceflary, 

nd  admirable  circulation. 

We,  Ihall  now  endeavour  to  explain  the  princi- 

€  and  conftruftion  of  hygrometers,  i%  alfo  of 

rain-gage. 
It  has  already  been   (hewn,  that  in  virtue  of 
OL.  lu  s  s  the 
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^e  attradion  of  cobeiion  or  capilUiy  attraffioni 
various  fubftance3  ard  capable  of  abforbing  moifture 
into  their  pores,  or  at  leaft  of  holding  it  attached 
to  their  fur&ce.  If  then  the  air  contain  a  quandty 
of  aioifture,  and  a  certain  other  dry  fubftance  has 
^  greater  attradion  towards  water  than  air  has, 
then  the  moifture  will  quit  the  air,  and  will  attach 
itfelf  to  that  other  fubftance  \  in  oonfequence  of 
which  that  other  fubftance  will  be- enlarged  in  its 
dimenGons^  of  will  be  increafed  in  weight.  Now 
)>y  meafuring  the  diminilhed  or  increafed  dimen- 
lionsy  or  the  increafed  or  diminiftied  weight  of  that 
pther  fubftance,  at  difitrent  dnnest  we-acqmre  a 
JcROwledge  of  the  quantity  of  water  wiucb  has  been 
depofited  or  gbforbed  by  the  air  tt  ^thofe  times. 
The  inftniment  in  which  a  fubftance  fit  for  diis 
purpoic  (called  an  bygrejcofic  hdji)  is  (b  fituatcd 
as  to  ihew  a  very  fmall  alteration  of  its  lengtbi 
or  weighty  is  called  an  hygrofc^  or  bygremetir. 

A  vaft  number  of  animalf  vegetable,  and  mi- 
fieral  fubftances  are  fufceptible  of  thofe  alteraaoBS, 
but  moft  of  them  are  far  from  being  fit  for  fuch  an 
inftrumept.  The  twifted  fibres  of  wild  oats,  i 
lea-weedj  falted  ftrings,  pieces  of  deal  cut  acrofi 
the  grain,  a  piece  of  cat-gut  ftring,  &c«  are  com- 
monly uied  as  indicators  of  mpifture  or  dryoeisi 
but  fuch  fubftances  are  not  fit  for  philofophical  pur- 
pofes  ;  for  they  are  unequal  in  their  adions  i  their 
power  of  abforbing  water  increafes  or  decrcaii* 

;and  fometimes  entirely  ceafps  in  procef)  q{  tinx> 

afld 
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and  very  leldom  two  inilruments,  ^t  are  fumiflied 
with  ftich  fubftances*  can  be  compared  together. 

Mr.  De  Luc,  and  Mr.  De  SaulTure,  both  gen- 
tlemeo  of  great  knowledge  and  ingenuityy   have 
examined  a  vaft  number  of  hygrofcopic  fubftances 
in  a  great  variety  of  ciftumftances ;  and,  upon  the 
Whole,  the  fetter  of  thofe  gentlemen  found  reaibn 
to  prefer  a  hair*  ;  whilft  the  former  prefers  a  very 
fine  flip  of  whale-bone  cut  acrofs  the  grain.  Either 
of  thole  fub^nces  is  to  be  placed  in  a  proper  frame, 
l^hich  fhews  their  elonjgations  or  contraftions  to  a 
very  minute  quantity ;  the  inftrument,  or  at  leaft 
that  part  of  it  which   holds  the  hygrofcopic  fub- 
ftance^  is  placed  in  water,  which  extends  the  fub- 
fiance  to  the  utmoft,  and  the  point  where  the  ex- 
tremity of  the  fubftance  reaches,  is  marked  upon 
the  inftrument,  and  is  called  the  point  of  extreme 
moifture.    Then  the  inftrument  is  removed  from 
the  water,  and  is  placed  into  a  large  veflfel  almoft 
fiill  of  uniiacked  quick-lime,  wherein  it  is  kept  for 
a  few  days ;  for  as  quick-lime  has  a  confiderable 
property  of  abforbing  water  copk>ufly  but  flowly, 
the  air  in  that  veffcl  is  very  dry,  and  its  degree  of 
drynefs  is  conftantly  the  fame  during  feveral  months, 
notwithftanding  the  opening  of  the  veflel,  which 
muft  take  place  for  putting  in  or  taking  out  the 
hygrometers.    By  this  means  the  point  of  greateft 

i         ■  ■  ■     .  ■  ,  I  I  ■,.  ■  ■  ■   ■       ■      I 

*  See  bis  Worl^  on  Hygrometers,  a  yqIs.  quarto. 
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drjnefs  is  obtabed.  Then  the  diftimee  between 
this  pQiDC  and  the  poioc  of  greateft  moi(hire»  is  di« 
vided  into  one  hundre<|  paits>  and  tiioie  parts  are 
called  the  degrees  of  the  hygrometer,  or  the  degrees 
of  moifture  •. 

'^Thofe  two  forts  of  hydrometers  are  tolerably 
uniform}  and  pretty  quick  in  their  adion.  Two 
or  more  of  them  are  alfp  comparable  within  a  (mall 
difference.  As  upon  the  whole  it  appears  thst 
Mr.  De  Luc*s  hygrometer  has.  fpme  advanugcs 
over  that  of  Mr.  De  Sauflure's^  \  .Ihall  therefore 
4efcribe  it  in  Mr.  De  Luc's  own  words.  See  %« 
I.  of  Plate  XV. 

Thofe  inftruments  may  be  made  of  various  {xm% 
but  they  are  moftiy  made  of  abou(  twice  the  fizc 
of  the  figure. 

**  Their  frame  will  fufficiently  be  known  from 
^«  the  figure;  therefore  I  (hall  confine  myfelf  to 
**  the  defcription  of  fonie  particulars.  Thc^  ^ 
^^  whals'hone  is  rcprefented  by  a  b^  and  at  its  end 
*'  a  is  fcen  a  fort  o(fincers,  made  only  of  a  flattened 
^'  bent  wire,  tapering  in  the  part  that  holds  the 
*'  Jlip^  and  prcfled  by  a  ftlding  ring.  The  end  h 
*'  is  fixed  to  a  moveable  bar  ^,  which  is  moved  IqF 
*'  a  fcrew  for  adjufting  at  firft  the  index.  The  endi 
*'  of  the  flip  is  hooked  to  a  thin  brafs  wire :  to 


•  From  the  point  of  grcateft  drynefe  to  that  of  grcalcft 
moifture,  a  flip  of  whale-bone  will  be  increafcd  about  one- 
eighth  of  its  length. 

«  the 
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'<  the  6ther  end  of  which  xs  alfo  hooked  a  verf  thin 
"  filver  gilt  lamina^  that  has  at  that  end  pincers  fimi- 
'*  lar  10  thofc  of  thc^;5^  and  which  is  fixed  oy  die 
'^  other  end  to  the  a»s,   by  a  pin  in  a  proper 
hole.   The yjiri»f,  4/,  by  which  the  jfi^  is?  ftrctch- 
edy  is  nnade  of  filver-gilt  wire;  it  aifts  on  thtflip' 
^'  as  a  weight  of  about  la  grains,  and^iih  this  ad-' 
vantage  over  a  weight  (befides  avoiding  fome 
other  inconveniencies)  that>  m  proporrion  as  the 
flip  it  weakened  in  its  lengtheniifg,  by  the  pene- 
'^  tration  of  moifture,  the  Jpring^  by  unbending  aC 
*'  the  lame  time,  lofes  a  part  of  its  power.    The ' 
^'  axis  has  very  fmall  pivots,  xi^tjbmlders  of  which ' 
«'  arc  prevented  from  conning againft  the  frame,  by* 
**  the  ends  being  confined,  though  freely,  betwetrr 
«*  the  flat  bearings  of  the  heads  of  tvfofcrewsy  the 
•*  front  one  of  which  is  feen  near  /.    The  fcAiori 
''  of  that  axiiy  of  the  fize  that  belongs  to  zflip  of 
'^  about  8  inches,  is  reprefented  '  in  fig.  2. ;  the ' 
^  fl^  ads  on  the  diameter  a  a,  and  thc/pring  on  the 
••  fmaller  diameter  ^  ^  *. 

After  an  afliduous  and  judicious  ufe  of  hygromc- 
Cers,  made  in  the  courie  of  20  years  and  upwards^ ' 
Mf.  De  Luc  formed  fome  very  ufeful  deductions, 
which  I  ihall  fubjoin  in  his  own  words. 

"  From   thofe    determinations   in  bygrometry^ 
**  fome  great  points  are  already  attained  in  bygrokf^^ 


•  Dc  Luc's  Paper  in  the  PhiL  TranC  vol.  8ift.  part  II. 

E  E  3  "  meteprology. 
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<'  meteorology^  aod  chemiftrf^  of  which  I  ffiall 
*<  only  indkaite  the  moft  impoitaat^  ift.  In  the 
^^  phaBnomenon  of  deWf  the  grafs  often  b^ns  to 
^'  be  fvei,  when  the  ^rr  a  little  above  it  is  fttll  in  a 
*'  middle  ftate  of  manure  i  wad  exirfme  mcifiitre  is 
only  certain  in  thdtair,  when  every  Iblid  expofcd 
to  it  is  wa,  2dly.  The  maximum  tf  evapcraiimj 
^**  in  a  dofe  ipace>  is  &r  from  identical  with  the 
^^  mammam  of  mwfture  i  this  depending  confiderablyi 
^^  though  with  the  conftant  exiftence  of  die  othcTi 
*^  on  the  temfiraimre  common  to  the  Jpate  and  to 
"  the  water  that  evaporates,  Jdly,  The  cafe  of 
extreme  mdijiure  extfting  in  the  open  tranfparent 
air,  in  the  day,  even  in  the  time  of  rain^  is  ex- 
tremely rare :  I  have  obferved  k  only  once,  die 
temperature  being  J9^  4thly.  The  sir  b  dryer  nxA 
"  dryer^  as  we  afcend  in  the  atmofpherc ;  fo  that  in 
•*  the  upper  attainable  regions,  it  is  conilantly  very 
</ry,  except  in  the  clouds.  This  is  a  fadb  certified 
by  Mr.  De  Sauflurc's  obfcrvations  and  mine. 
y  5thly.  If  the  whole  atmofphcre  pafled  from  ex' 
"  treme  drynefs  to  exireme  moijlure,  the  quantity  of 
*'  wa/er  thus  evaporated  would  not  raifc  the  ke- 
r^meter  as  much  as  half  an  Inch.  6thly.  Laftly, 
in  chemical  operations  on  airs,^  the  grcateft 
quantity  o{  rvaporated  water  that  mny  be  fup- 
pofcd  in  them,  at  the  common  tempertuure  of 
the  atmofphere,  even  if  they  were  at  exirem 
moifturey  is  not  (b  much  as  ..i^  part  of  their 
''  mafs.     Thefe  two  laft  very  important  propo- 

"  fnions 
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^  fidons  have    been  demonftrated  by  Mr.  tit 
•*  Sauflure*." 

The  mean  height,  for  thd  whole  jrear,  of  Dt 
line's  hygrometer,  expofed  to  the  atmofphere  \h 
London  J  is  about  79  degrees.  It  mud,  however^ 
be  obfefved,  that  hygrometer  of  every  fort,  evcA 
die  above  defcribed  oiie  of  Mf.  De  Luc,  are  very 
liable  to  be  fpoiled  by  long  expofui*^;  as  duft^ 
fmoke,  infe&Si  &e.  are  apt  to  adhere  td  them ; 
in  which  cafe  their  rate  of  going,  dr  fenfibillty,  is 
altered  confiderably.  Tl)e  proper  adtion  of  De 
LUc's  hygrometer  mayi  in  forde  meafurci  be  pre^ 
lervedyby  now  and  then  placing  the  inftrumeht  iti 
water,  and  ^dy  cleaning  the  furface  of  the  whale- 
bone  flip^  by  means  of  an  hair-pencil. — A  fteadier 
and  rooit  durable  hygrometer  is  ftill  a  defideratum 
in  natural  phildfophy. 

Evaporation  generates  cdld,  dnd  the  quickeir  the 
cvaporarion.  takes  place^  the  greater  is  the  cold 
which  is  produced:  therefore,  if  the  bulb  of  a 
thermometer  be  juft  moiftened^  and  then  be  ex- 
pofed to  the  air,  the  mercury  will  defcend  lowei^ 
when  the  evaporation  is  performed  quicker,  and 
vice  verfa.  Upon  this  principle  Mr*  Leflie  has 
gonftrufted  an  inftrument,  which  ihews  the  quick- 


•  De  Luc's  Paper  in  the  Phil.  Tranf.  vol.  81ft.  part  I. 
See  alio  ins  Paq)er  on  Evapwation  in  the  Phil.  TranL  for 
the  year' 1792,  part  II.  for  fiirthcr  illuftration  of  the  fubjeft 
if  Hygroinctry, 
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nefs  of  evaporation.  Tbe  iii¥eocor  calls  it  an 
hygrometer;  but  the  quicknefs  of  evapora&oii 
does  not  indicate  the  moifture  «f  fibs  air  in  all 
cafes  *. 

The  principle  of  the  rain-gage  has  alreadjr  bcei 
fhqwn  in  page  414.  The  rain-^ige  wttch  a 
moftly  ufed^  is  delineated  in  fig.  3.  of  Plate  XV« 
It  is  an  hollow  veifel,  of  tincd  iron  places,  japaincd 
inlide  and  out  The  whole  macbine  eonfifis  ^ 
three  parts.  A  B  C  D  is  a  c^indnGalA  vtttAy  to 
the  aperture  of  which  the  funnel  F  £ «  is  nioeff 
fitted.  The  upper  parif  of  the  funnel  has  aaedgp 
of  brafs,  which  is  perpendicular  to  the  horizon,  as 
is  fufficiently  indicated  by  the  figure. 

This  gage^  when  expofed  to  the  atmoiphcre,  te- 
ceiv^s^the-^nun  which  goes  through  the  aperture  x 
of  the  funnel^  into  the  receiver  A  R  C  D  ^  out  ef 
which  it  cannot  evaporate,  either  out  of  the  joint 
A  D,  which  16  very  clofe,  or  out  of  the  hole  jr> 
which,  beftdes  it  being  fmaU>  is  partly  occupied 
by  the  tneafuring  rod.  The  meafuring  rcxl  GH  is 
iaftened  to  an  hollow  Boat  H,  of  japanned  tin  plates^ 
which  floats  upon  the  watery  and  as  the  water  fflb 
the  cylindrical  veffel  ADBC,  fo  the  float  is  raifcdy 
and  part  of  the  meafuring  rod  comes  out  i  and  ihc 
divifions  of  the  rod,  which  are  out  of  the  funnel^ 


*  See  the  dcfcription  of  this  Hygrometer  in  Nicholfon's 
Journal,  vol.  II,  p.  461, 
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flicw  the  quantity  of  water  which  is  in  the  cylindri- 
cal veflel. 

With  rclpeft  to  the  divifions  of  the  rod^  it  muft 
be  obfcrved,  that  when  the  edge  of  the  funnel  and 
the  cylindrical  veflel  are  of  the  fame  diameter,  then 
the  divifions  of  the  rod  muft  be  only  inches  and 
tenths,  in  order  to  (hew  the  quantity  of  rain  in 
inches  and  tenths  %  but  when  the  diameter  of  the 
cylindrical  veflel  is  lefs  than  that  of  the  edge  F  E, 
then  the  divifions  muft  be  longer,  becaufe  an  inch 
deptk  of  rain,  in  an  area  of  a  certain  diameter,  wilt 
be  more  than  an  inch  depth  in  an  area  fmaller  than 
thac— ^Thofe  gages  are  made  of  various  fizes,  and 
the  divifions  of  the  mcafuring  rod  are  made  fo  as 
to  indicate  the  inches  of  rain  that  would  be  accu- 
mobted  in  a  cylindrical  veflel  whofe  diameter 
equalled  the  diameter  of  the  brafs  edge  F  £. 

A  crofft-bar  with  a  focket,  through  which  the 
meafuring-rod  paflcs,  may  be  feen  within  the  funnel. 
This  ferves  to  render  the  divifions  of  the  meafuring 
rod  more  legible.  When  no  water  is  contained  in 
the  gAge,  and  of  courfe  the  float  refts  upon  the 
bottom  B  C,  then  the  o,  or  the  beginning  of  the 
divifions  of  the  rod  is  even  with  the  upper  part  of 
the  abova-meotioned  crofs-bar. 
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THB  DEICRIPnON  OF  THE  PEINCIPAL  MACHIVBS^ 
WHICH  DEPEND  UPON  THB  FOftEOOINC  SUtfjECtS 
OF   rtUIDS. 


IN  kying  downjthe  theory  of  fluidsfj  both  daffic 
and  non-e]aftic»  I  have;  dcfcribed  as  few  ma- 
'  chines^  and  thofe  of  as  fimplc  a  conftfuftion^  as  die 
fiaturc  of  the  fubjeft  could  admit,  of.  This  I  bave 
done,  in  the  firft  place,  for  the  purpofe  that  the  in- 
der  might  not  confider  the  knowledge  of  fuch  fi^ 
je(fls  as  unattainable^  without  the  ofe  of  coftly  ms- 
chines;  and,  fecondly,  that  the  connexion  of  die 
theorerical  reafontng  might  not  be  interrupted  by 
the  introduftion  of  long  and  complicated  de- 
fcriptions. 

But  it  is  now,  however,  neceflary  to  explain  the 
'  confbruftion  and  the  ufe  of  thofe  machines  whidi 
have  been  contrived  for  the  purpofe  cither  of  mea- 
furing,  or  of  elucidating,  or,  laftly^  of  applyii^to 
our  purpofes,  the  mechanical  properties  of  fluids. 
And  here  we  (ball  beftow  our  attention  more  oa 
Che  principles  than  upon  the  variety  of  fuch  ma- 
chines^ 
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neSypboHi  cr  Crane. 

A  tube  of  glafs,  or  metal,  or  other  folid  fub-' 
ttmcc,  open  at  both  ends,  and  bent  like  the  re- 
prcfentation  of  fig.  4.  Plate  XV.  is  called  a 
^phm  or  craneg  and  is  commonly  ufed  for  decant- 
ing liquors  from  one  yeflel  into  another.  It  is  an 
indifpenlable  requifite  in  the  conftruAion  of  this  in* 
ftrument,  that  the  perpendicular  altitude  of  the 
difcharging  1^  A  B,  be  greater  than  thfit  of  the 
fucking  leg  A  C,  (reckoning  from  A  to  the  fiir&ce 
of  the  liquor,  in  which  the  leg  AC  is  immerfed). 
Then,  when  the  aperture  C  is  in  the  liquor,  if,  by 
applying  the  mouth  at  B,  and  fucking  the  air  out 
of  the  fyphon,  its  cavity  be  filled  with  the  liquor ; 
on  removing  the  mouthy  the  liquor  will  run  out  of 
the  aperture  B,  and  will  continue  to  run  as  long  as 
you  continue  to  fupply  the  veflel  F  with  fluid,  or 
as  k)ng  as  the  furface  of  the  fluid  in  die  vt&l 
F  remans,  higher  than  the  level  of  the  aper- 
ture B. 

The  caufe  of  this  effedt  is  the  prcflure  of  the  at- 
molphcrc ;  for  when  the  fyphon  is  full  of  liquor,  the 
prefiiire  of  the  atmofphere  at  B  and  C  keeps  the 
liquor  up  in  the  legs  of  the  fyphon  ;  and  that  pref- 
fure  is  partly  counteracted  by  the  perpendicular  al- 
titudes of  the  liquor  iti  thole  legs  ^^  but  that  coun- 
teraction is  lels  at  C  than  at  Q^  becaufe  the  perpep- 
dicular  altitude  AC  is  Icfs  than  AB;  therefore 

the 
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the  acmofphcre  prefling  at  C,  or  (which  Is  the  fame 
thing)  on  the  fbrfkce  of  the  liqQor  ki  the  veflel  F, 
more  than  at  B,  forces  the  liquor  to  run  through 
the  fjrphon. 

It  is  evident  that  ic  is  iitimaterirf  irhcfdier  the 
diameters  of  the  twa  fegs  be  equal^  or  not,  pro^ 
vvSei  the  difparity  be  not  fo  greae  as  to  intrctfooc 
the  ob(iru£tion  from  captUar/  attraftton,  8tc.«^ 
Whether  the  legs  be  bei^t  in  various  dire6tionS  or 
iiotj  is^alfo  immaterial  \  provided  the  perpendictdaf 
aldcude  oi  the  difcharging  leg  be  greater  dufirr  that 
of  the  other. 

Ic  is  alfo  evident,  from  the  theory,  that  the 
crane  cannot  a  A  if  the  perpendicular  akitode  of  it^ 
fegs  exceed  ja  feet  or  thereabout.  Nor  can  a  fyphoil 
a£t  in  ytcUQ. 

The  belt  fyphons  th^  are  at  preient  in  ufe  fof 
decanting  liquors,  have  certain  appendages  which 
render  dieir  ufe  more  commodious.  Fig.  5.  of 
Plate  XV.  reprefents  one  of  the  beft  Gonfhuc- 
tion.  It  hais  a  (lop-cock  D  at  the  difchargtng  aper- 
ture, and  a  fmall  tube  which  runs  along  the  outlide 
of  that  leg,  and  communicates  with  the  cavity  of 
that  leg  juft  above  the  ftop-cock.  When  the  aper* 
ture  C  is  (ituated  within  the  liquor/  the  ftopHroCk 
is  clofed,  and  the  mouth  which  fucks  the  aih*  obCi 
&:c.  is  applied  at  £.  Some  of  thofe  fyphods  have 
no  flop- cock,  in  which  catfc  the  aperture  B  muftbt 
cloicd  by  the  application  of  a-  finger,  whilft  the  aif 
is  fucking  out  at  E. 

If 


If  icvenJ  threads  of  cottoo*  a  bunch  of  gnk,  or 
fome  fimilar  fub(tance>  be  placed  pardy  in  a  g^s  of 
water,  and  the  other  part  (being  the  longeft  of  the 
two)  be  left  banging  out  of  the  glafsi  as  is  (hewn  in 
fig.i5.  ofPlateXLs  the  cotton  or  other  fubftance  will 
gradually  sU^forb  the  water,  in  virtue  of  the  capillary 
attra&ion  s  and  when  the  whole  is  moiftened  fuffi* 
ciendyi  the  cotton^  or  other  fubftance,  will  aA  as  a 
fyphon,  and  the  water  wiU  keep  dropping  out  of 
jdie  external  part  of  it. 

A  little  niacbine,  called  ToHfalus's  cup^  afts 
upon  this  principLct  and  its  conftrudion  is  as 
follows ; 

There  is  a  hole  quite  through  the  bottom  of  a 
cup  A.  Fig.  6.  Plate  XV.  and  the  longer  leg  of 
a  fyphon  D  £  B  G  is  cemented  into  the  hole,  fo 
that  jdie  end  D  of  the  ihoner  leg  D  £  may  almoft 

w 

touch  the  bottom  of  the  cavity  of  the  cup.  Now 
if  water,  or  other  liquor,  be  poured  into  the  cup, 
the  water  will  rife  into  the  leg  D  £  of  the  fyphon, 
as  it  docs  in  the  cup,  and  will  drive  the  air  from 
that  leg  through  the  longer  leg  £  Gi  but  when  the 
water  has  reached  the  upper  part  F  of  the  fyphon, 
it  will  not  only  run  down  and  fill  the  other  leg 
F  G,  but  it  will  keep  running  out  at  G,  until  the 
cup  is  quite  emptied.  A  litde  figure  is  fometimes 
placed  over  the  fyphon  DFB,  with  the  mouth 
open  a  little  above  F,  which  figure  conceals  the 
fyphon,  and  reprefents  Tantalus,  who  is  depriv- 
^  of  the  water,   when  the  water  has  rifen  fo 
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high  within  the  cup>  as  nearly  to  reach  his 
mouth. 

The  reafon,  which  principaliy  induced  me  to 

defcribe   the  above-mentioned  cup,    is,    that  its 

^ftion  explains  a  curious  natural  phenomenon,  viz. 

that  ofiniermitiing  gr  reciprecatingjjffrings,  called  alfo 

eUing  and  flawing  wells. 

There  are  certain  fprings  or  dreams  of  water 
which  iflue  out  of  rocks,  and'  are  rather  copious  for 
a  certain  time,  then  ftop,  and^  after  a  certsun  pe- 
riod, come  out  again.  The  intermitting  period  is 
various,  but  Ibmetimes  it  is  very  regular.  The 
ori^n  of  thofe  fprings  is,  with  great  probability, 
owing  to  the  following  conformadon^  or  to  fome- 
thing  fimilar  to  it. 

A  A,  fig.  19.  Plate  XV.  reprefents  die  per- 
pendicular iedion  of  a  hill,  within  which  is  a  ca^ty 
B  B,  and  from  this  cavity  a  natural  channel  runs 
in  the  direction  B  C  D  £,  forming  a  natural  fyphon. 
The  rain  water,  which  defcends  from  the  upper 
part  of  the  hill  through  various  fmall  crevices, 
G,  G,  G,  gradually  fills  the  cavity  B  B,  as  alfo 
the  part  B  C  of  the  channel,  or  (horter  leg  of  the 
fyphon  ;  but  when  the  water  gets  above  tlie  level 
of  C,  then  a  ftream  will  run  through  the  channel, 
and  out  of  it  at  £,  until  the  cavity  B  B,  as  alfo  the 
channel  B  C  D  E  is  quite  emptied  ;  it  being  fup- 
pofed  that  the  draining  of  the  water  through  the 
crevices  G,  G,  G,  cannot  fupply  the  cavity  B  B, 
fo  faft  as  it  |s  drained  by  the  channel  B C DE. 

Then 
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Then  die  flow  <^  water  at  E  ftx^p^^  uodl  lb  muoh 
water  if  again  accomulated  in  the  cavity  BB»  as  to 
reach  the  level  of  C»  at  which  dme  the  ftream  rer 
appears  a(  E;  and  fp  on^ 

» 
ne  Water  Pump. 

There  are  ieveral  Ibrts  of  pumps  for  drawing 
water  out  of  wells,  fprings,  j&c, ;  l^ut  they  may  be 
reduced  to  two  forts,  viz.  the  commoii  pump,  gp^ 
nerally  called  the  Juckfng  pump,  and  the  forcmi 
pampm 

Fig.  15.  Plate  XV.  reprefents  a  pump  of 
the  firtt  (brt.  A  B  is  a  cylindrical  pipe  open  at 
both  ends,  the  lower  of  which  is  immerfed  in  the 
water  of  the  well,  &c.  Towards  the  lower  part, 
as  at  C,  there  is  a  ftopper  with  a  hole  and  a  valve, 
which  opens  upwards  when  any  fluid  puflies  it 
from  bdow,  but  is  clofed  by  any  fuperincumbcnt 
force  \    In  the  upper  part  of  the  tube  there  is  a 

pifton 


•  A  valve  is  a  piece  of  mcchanifin,  that  belongs  almoft 
to  all  forts  of  hydraulic  and  pneunutic  engines.  Valves  are 
made  of  different  forts,  of  which  however  the  following  are 
the  principal. 

Fig.  12.  Plate  XV.  reprefents  a  ftopple,  with  an 
oil^k  valve;  viz.  a  narrow  flip  of  oil  (ilk  is  ftretched 
over  the  upper  flat  part  of  the  ftoppk,  fo  as  to  cover  the 
central  hole ;  and,  being  turned  over  the  edge,  is  tied  faft 

round 
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pifton  Di  £i(tetied  to  the  bandk',^  rod  £»  mrhich 
gcner^ttjr  i«  w  iroa  rod.  The  (Hftoo  confifts  of  a 
piece  of  wood^  nearly  equal  to  (tie  diameter  of  the 
cavity  of  the  pump  \  but  being  covered  over  io 
qrlindrical  part  with  leather,  it  fits  pretty  tighdj 
the  cavity  of  the  pump.  In  this  pillon  there  is  a 
bole  and  another  valve,  like  the  one  at  C,  which 
alio  opens  upwards.  The  a£tion  of  pumping 
conMs  in  alternately  moving  the  pidon  a  certain 
way  up  and  down,  by  which  means  the  water 
alcends  through  the  pump,  and  comes  out  of  its 
\ipper  aperture,  or  out  of  the  fpout  F,  when  the 
upper  part  of  the  pump  is  flimiihed  with  (uch 
veflel  and  fpout  as  is  (hewn  in  the  figure.  The 
a^ion  of  this  pump  depends  upon  the  gravity  or 
preflure  of  the  atmolphere ;  hence  it  could  not 
poflibly  a6t  in  vacuo. 

round  the  ftopple,  at  it  indicated  by  the  figure.  In  fig.  13, 
{%,  flat  and  thick  piece  of  leather  is  adapted  to  the  upper  flat 
psut  of  a  ftopple,  fo  as  to  cover  the  central  hole.  It  has  a 
litde  prolongation  on  one  fide,  which  is  faftened  to  die 
ftopple  by  means  of  a  nail  or  fcrew,  and  a  piece  of  lead 
is  faflened  to  the  upper  part  of  the  leather9  in  order  to  let. 
it  lay  flat  upon  the  hole.  In  fig.  14^  the  central  hole  is 
made  a  little  conical  at  its  upper  part,  and  is  Chut  up  by  a 
conical  piece  df  metal,  wluch  refts  upon  it  by  its  own 
gravity. 

It  is  evident  that  a  force  from  below  will  open  any  one  of 
thofe  valves ;  but  a  force  from  above  will  ihut  up  the  aper- 
ture morc.efFcdually. 

I  When 
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When  the  pifton  is  firft  drawn  upwardsj  thc«iir 
In  C  D  is  rarefied  t  hence  the  preflbrc  of  the  a^ 
mofphere  tipon  the  iiirfacc  of  the  water  in  the  well 
forces  the  water  to  afcend  a  little  way  into  the  lower 
part  of  the  pump ;  for  inftance,  as  high  as  G. 
Then  the  pifton  is  pufhed  dpwrvwards,  which  con- 
cra6hing  the  diftance  C  D,  forces  fome  air  out  of  the 
valve  D  through  the  pifton,  but  no  air  can  get  down 
dirough  the  valve  at  C  $  hence,  the  water  remains 
at  G.  After  this,  the  pifton  is  drawn  upwards  a 
fccond  time,  which  rarefies  the  air  in  CD ;  in  con- 
foquence  of  which  the  water  afccnds  higher  within 
the  pump;  thus,  by  degrees,  the  water  gets  above 
the  valve  C,  and  fills  the  fpace  C  D ;  arid  when  this 
takes  place,  then,  by  lowering  the  pifton,  fome 
water  pailes  through  the  valve  D,  ^and  remains 
above  the  pifton  ;  then,  on  lifting  up  the  pifton, 
chat  water  is  raifed,  and  more  water  comes  from 
the  well  through  the  valve  C,  &c. 

It  is  hardly  neceftkry  to  mention,  that  the  height 
of  the  valve  D,  above  the  water  of  the  well  muft 
never  cixceed  32  feet.  Indeed,  on  account  of  the 
imperfedions  to  which  thofe  mechanifms  are  fub- 
ji|ft,  that  height,  can' feldom  exceed  10  feet. 

The  force  which  is  required  to  work  a  pump  is 
as  the  height  to  which  the  water  is  raifed,  and  as 
the  fquarc  of  the  diameter  of  the  pump  at  the 
place  where  the  pifton  works  ;  it  being  immaterial 
vrhcther  the  reft  of  the  pump  be  of  xthc  fame  dia- 
meter or  not, 

VOL.  II*  F  F  Pumpi 
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Tiimps,  in  general,  are  worked  not  by  applying 
the  j3ower  immediately  to  the  rod  At  E ;  but  the 
efrd  of  that  rod  is  oonnefted  widi  the  (borter  arm 
"tjfaf  lever,  whilft  the  power  is  applied  to  the  longer 
arm  of  the  lever ;  and  (ince  the  longer  arm  of  the 
IcVer  is  about  five  or  fix  times  as  long  as  the  other, 
therefore  the  power  is  by  this  means  increafed  five 
or  fix  timps.— It  has  been  found  (rom  repeated 
trials,  that  when  the  handle  increases  the  power  five 
times,  when  the   diameter  of  the  pump  is  four 
inches,  and  the  water  is  to  be  raifed  30  feet  high; 
the  ordinary  exertion  of  a  labouring  tnan  can  work 
it  for  a  moderate  continuance  of  time,  and  can  dif* 
charge  27  f  gallons  of  water  (Englifh  wine  mea- 
fure)  per  minute. 

Now,  from  the  above-ftated  particulars,  it  wili 
not  be  difficult  to  calculate  the  dimenfions  of  a 
pump,  which  will  difcharge  a  given  quanti^  of 
water  at  a  certain  height  in  a  detenninate  time; 
and  what  power  will  be  required  for  the  pur- 
pofe. 

The  forcing'fumpy   fig.  16.    Plate  XV.   raifcs 
the  water  above  the  valve  H,  in  the  fame  manner 
as  the  preceding  pump ;  but  then,  on  lowering  Ac 
pift6n,  which  in  this' pump  is  a  folid  piece  without 
any  valve  or  perforation,  the  water  cannot  get  abovt 
it,   but  it  is  forced  through  the  tube  M  N,  and 
througli  the  valve  at  P,  into  the  veflTel  K  K,  whicli 
is  called  the  air-vejfel  or  condenfing-veffeh     Thus,  hf 
repeated  ftrokes  of  the  pifton,  the  water  is  forced 

to 
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to  eotcr,  ,an4  to  ^ccuipqlate  into  the  ve0el  K  K. 
driving  the  air  out  of  it,  through  the  pipe  I G  F> 
But  when  the  water  has  been  raifed  ^bpve  the 
aperture  I  of  the  pipe,  then  the  air,  inftcad  of  be- 
ing  driven  put,  is  condenfed  in  the  upper  part  of 
the  air-veflfel  9  hence  it  begins  to  re-aft  upon  the 
water  by  its  elafticity ;  in  confequcnce  of  which  the 
water  is  forced  out  of  the  pipe  I H  F,  forming  a 
jet,  which  rifes  higher,  or  goes  farther  and  farther, 
according  as  the  water  is  forced  into  the  air-veflel 
with  greater  quicknefs,  and  the  air  in  the  upper 
part  of  the  faid  veflcl  is  contrafted  into  ^  narrower 
fpace,  by  the  rifing  of  the  water  at  O^  within  the 
veflcl.'— Some  forcing-pumps  have  no  air-vdOTcl, 
but  convey  the  water  through  a  finale  uniform  tube 
to  the  required  height. 

The  jet,  when  there  is  an  air-veffel^  comes  out 
without  intermiflion ;  for  whilft  the  pifton  is  afcend- 
ing,  the  elafticity  of  the  condenfed  air  continues  to 
^di  upon  die  water  at  O. 

By  means  of  this  pump,  the  water  may  be  raifed 
to  any  height,  provided  there  be  working  power 
adequate  to  the  required  eJ9fe£t,  and  the  parts  of  the 
pump,  and  principally  of  the  air- veflcl,  be  fufficient- 
ly  llrong. 

If  to  the  extremity  F  of  the  difcharging  pipe,  a 
6c)dble  tube,  cither  of  leather,  or  of  other  pliable 
material,  be  adapted,  fo  as  to  render  the  jet  capable 
of  being  direftcd  towards  any  particular  place 
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at  plearure9  then  the  mcchanifm  beoovnes  ajGr^ 
$ngine. 

The  principle  ot  fre-^ewpms^  which  arc  com- 
monly ured  in  this  country^  and  elfewhere,  for 
extinguifhing  firesj  is  nothing  more  dian  what  ha& 
been  already  defcribed.  Their  particular  con- 
ftru6tionS|  which  have  been  diverfifird  and  im- 
proved by  various  able  mecKanics,  diflfer  only  in  t 
more  or  lefs  compaft  difpofition  of  parts ;  in 
having  two  or  more  forcing  pumps ;  in  having 
the  levers  capable  of  admitting  icvcral  working- 
men,  &c. 

Water-pumps  of  every  Ibrt  may  be  worked  by 
other  powers,  befides  the  force  of  men.  They  may 
be  worked  by  the  wind>  by  horfes,-  by  a  fteam- 
cngine,  by  a  river,  &c.  A  vaft  variety  of  mccha- 
nafms  has  been  contrived  for  fuch  purpoies,  which 
may  be  feen  in  almoft  all  the  works  on  mechanics, 
hydraulics,  and  other  fubjefts  allied  to  them ;  but 
thofc  mechanifms  muft  be  contrived  according  to 
the  particular  circumftances  of  the  fituations,  in 
which  they  are  to  be  ufed. 

The  water- works  at  London-bridge  confift  of 
forcing-pumps,  which  are  worked  by  the  current 
of  the  river,  viz,  the  current  of  the  river  turns  a 
•  large  vertical  wheel,  called  the  water-wheel,  the 
axis  of  which  has  a  number  of  cranks,  which  work 
as  many  levers,  and  at  the  ends  of  thofc  levers  ait 
fattened   the  rods  of  the  forcing-pumps.     The 

water 


prmk^'af  MacbbUt^yl^e.  437 

water  is  forced  by  them  lAto  aE  v«ry  ftrong  coiv- 
denfing  yeifirl  of  iron,  and  from  c^is  vcflrl  Mrious 
pipes  convey  and  difchai';ge  the  water  to  different 
pares  of  che  town. 

Archimedes'  Screw -Engine  for  raifwg  fFaier. 

This  limple  and  elegant  contrivance  of  the  great 
Archioiedesi  is  fhewn  in  fig^  i3.  Plate  XV.  It 
condfts  of  a  fcrew-like  tube,  open  throughout^  and 
£iftencd  round  an  axis,  which  turns,,  together  with 
the  tube,  round  the  pivots  A>  B« 

This  machine  being  placed  with  its  lower  part 
in  water,  mud  be  inclined  to  the  horizon  at  ah  anglp 
of  about  45  degrees ;  then  by  turning  the  handle 
M,  the  machine  muft  be  turned  in  the  direAion 
4 aC%  viz.  fo  that  the  lowed  aperture  of  the  tube 
may  go  againft  the  water ;  and  by  this  means  the 
water  will  bte  raifed  from  A,  and  will  be  difcharged 
by  the.  upper  aperture  i,  into  aprc^r  velTcl,  S, 
which  muft  be  placed  under  it,  to  receive  the 
w^rrr,  jind  to  ^oavjcy  it  wherever  it  may  be  re- 
ijuircc|. 

Jn  order  tounderftaqd.the  adi^oa  of  this  machine 
ft  muft.  be  confideredi  1%  That  every  fu^ceflivc 
part  or  point  in  the  length  of  the-  tube,  is  farther 
and  farther  from  the  lowed  part  of.  the  machine,  or 
is  nearer  and  nearer  (o  the  aperture  L  2diy;»  Tfut 
the  fm^l  quantity  of  water  ^hich  x%  \a  the  in* 
ferior  paxt  d,)  of  aiyr  conyolytior^- of .  the  tube, 
cannot  (in  virtuq  of  iir^:  gravity)  -reofiain  affixed 
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fo  that  ideftticial  piti  6f  the  tutej  wBeii^  hj 
the  turning  bf  the  rrtachlnc,  Chit  part  ciomes  to  the 
higher  (ituattod  d  j  but  it  muft  pafi  on  to  the  next 
part  of  the  tube,  then  to  the  next  to  thait,  and  fo 
on.  But  thofe  fucceflive .  parts  come  nearer  and 
nearer  to  the  Jiperture  / ;  therefore  that  quantity  of 
water  muft  pifi  gradually  from  the  towcft  to  the 
higheft  pail:  of  the  tobc.  Until  it  comes  out  icfelf 
tof  ^he  aperture  i. 

What  htfs  befeh  fatd  of  thi^  quantity  of  trmr, 
may  evidently  be  faid  of^  the  next,  aiidj  ih 
fhort,  6f  all  the  #ater  which  is  raifed  by  the 
•machine^ 

[nftead  of  the  Handle  M,  fomedme^  apretty  large 
^Wheel  is  affixed  to  the  lowcft  ptilrt  of  thf  machine, 
^hich,  on  account  of  thfe  incfiiiationv  will  be  partly 
Immerfed  in  water  j  in  cortfdquence  ^of  which, 
the  machine  will  be  turned  by  the  tftrater  itfclf; 
fuppofing  that  Water  to  be  a  river,  or  running 
•ttream. 

Sometinfies,  Inftcad  of  one,  -  tW6  tubea  arc  fixifd 
round  the  axis  of  this  machine ;  but  its  cohftruc- 
lion  has  been  alicered  various  wafs,  wHich  need  not 
be  particularly  drfcribcd,  fmce  the  principle  itfclf 
of  the  machine  remains  unaltered. 

Such  machines  are  ufcful  for  fifing  water  to  na 
great  heights ;  for  when  the  *e|evtoion  is  confiders* 
ble,  the  machihe,  oh  account  ofits  inclined  pofidoa 
muft  be  16ng,  heavy,  and  liable  to  be  hicnt,  in 
ififhich  cafp  its  adion  wobjd  ceafe. 
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The  Rcpe  Michintfsr  rc:f,-r  JJ'cigr. 

If  a  vertical  grooved  'wr.ttl,  '.re:  ':-  s.  f:2.r.t,  \/t 
fituated  within  the  ^  ivrr  a:  tht  botrrr.  of  a  vrr:, 
and  another  finr.ilar  wheel,  havL^ig  a  hzridit  uE*;«tc 
to  its  a::i&,  be  firuatcd  in  another  trtTit  a:  r'lt  :  -^vr:: 
pare  of  the  wcli ;  a;fj  an  eniflefi  rjpe  (via.  2.  rjp* 
whofc  two  extrcTiirlcs  are  fpliccd  r::o  ea.r.  'jtri^r^ 
be  paffud  rour.i  bc:h  whecJi  i  thtr.j  :r  ta^r.-T.-i;  riii 
handle,  the  wheels  and  the  rope  »;!   ut  '.*;'jl*r:  li 
move,  viz.  the  rcpe  v.i.:  ai>end  ol  vu^.  La-., «::.:  .  .. 
dcfccnd  on  :i:e  o:r.':r,  piiH'?  fuc^rlrvcu  r.-r^- ;. 
the  water  of  the  v.  e'J  :  b. :  thr  i.r-*r;i.riE  :;ir  *i  „ 
carry  up  a  cu^n:!:?  o' water  adrie-':Tit  u  ;:.  .'.rl.-. 
and  this  witer  d":5rri  in  c:a.ntiT;.  acivr-'.::^  li  :j: 
fize  of  the  rrjZf^j  t'-e  dt^r.  '/  :«  ¥^.   ^1  : .. 
quicknefs  of  the  rr.vtL:.^^  v  z.  %  ::l  t  ^s-^  ..-j^^, 
in  a  lefb  deep  well  ar-i  v*-lit.e'.  irrxr--:!.  *  ^-i^rr 
quamin-  cf  wiier  "a-l  be  raliVc,  :r«.  :r.:-->  .:- 

In  ord:r  :o  Ir.iercry:  i*ie  water  a:  t\»  .-^  ^  - , 
well,  the    -pp^-r  v.r.trl  it  irojp-d  i  a  ;r-r:-'  ^--^ 
box,  in  the  b^:i:.rr.  of  wh*::i.  ::*e:t  ert  >c  :.-^sl 
through  v.h.:c-  tr.e  afien-iia^  ariC  'Ahzxjix.  jfir-. 
of  the  r:pe  piil.     To  Tt/rfe  2id#s  itt .sSusr  .- 
Ihor:  tubes,  v-hlih  prwea:  tie  orr  11^  ^s- 
ivhich  fails  to  trie  b-ia&x  tr^fir  jk    T>>r* 
Jfo  a  lateral  fpooc  ca  iht  fee  ^"Srwc.  uc^  iS 

le  bottom^  fir  v  oMsiMi^^,  .^:         .avc 

I  -j^  been 
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the  broad  fides  of  the  box  there  are  two  holes  for 
the  axis  of  the  wheel.  The  iitb  and  lotli  figures 
of  Plate  XV.  exhibit  a  (c&ion  and  a  front  view 
of  a  machine  of  this  fort,  which  was  put  up 
in  the  year  17821  on  the  cattle  |iiU  at  Windfor, 
Where  the  depth  of  the  well  13  95  feet  \ 

The  lame  letters  refer  to  the  like  parts  in  both 
figures. 

The  wheel  H  at  the  bottom  of  the  well  is  of 

•  .■•... 

•  ■  .  ,  .    . 

liffHum  vit£y  one  foot  in  diameter.  Its  axis  is  of 
ileeh  and  turns  with  its  extremities  in  (ockets  of 
]|)ell-metal. 

The  fr^me  1 1  is  of  iron. 

The  wheel  EE  at  the  top  of  the  well  is  of  iron; 
but  its  rim,  with  the  grove  Which  receives  the  rope, 
is  of  lead*  The  dianrieter  of  this  wheel  is  three 
feet. 

The  axis  dd  is  of  ftcel,  and  its  extremities  turn 
in  bell-metal  focketSj  which  are  fixed  in  two  up- 
right pofts  AA,  that  fupport  the  machine,  *T  is  the 
handle  affixed  to  the  axis,  which  handle  defcribcs  a 
circle  of  28  inches  in  diameter  i  ^^  is  the  wooden 
box,  lined  with  lead,  which  indoles  the  wheel  E. 
FF  are  the  holes  at  the  bottom  of  the  box  through 
which  the  rope  pafles.  Their  diameter  is  about  two 
inches.  -  •      •       .      - 


•   A  ftmilar  machine    was   alfp   placed   on  the  round 
tower  of  Windfor  caftle,  which  draws  the  water  froci  the 
'dfjpth  of  178  feet.  '      '  -     * 
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On-  the  (kme  axis  dd,  another  wheel  jCCV  of  aboui 
Ibur  feet  in  dtametor»  is  fixed.  :  This  wheel  is^of 
wood)  loaded  on  the  edge  with  lead^  and  it  fbrves 
as  a  67  to  fccilttatd  the  motion. 

The  rope  is  iq(  horfe^iair,  and  meafures  half  an 
inch  tn  diametrf • 

With  'this  identical  machine,  fevcral  experiments 
were  tried,  the  refult  of  which  is  as  follows  i 

When  the  machine  was  worked  (lowly,  viz.  fa 
as  to  make  about  30  revolutions  of  the  handle  in 
one  miiuise,  theq  very  little  water  came  up  adhering 
to  die  rope  1  and  of  this  water  a  very  fmall  pordoq 
was  (cparated  from  the  rope  within  the  box,  fo 
as  to  cocne  out  of  the  fpouc  Z,  in  the  fide  of  the 
box. 

Wlien  the  revolutions  of  the  handle  were  about 
50  in  a  minute  ;  then  a  conBderable  quantity  of 
water  came  up  adhering  to  the  rope ;  and  on  turn-* 
ing  the  wheel  E£  round,  the  grcateft  part  of  that 
water,  having  acquired  a  confidcrablc  velocity, 
^cw  off  in  a  tangent  from  the  rope,  and  formed  a 
jet  within  the  box.  This  water  falling  to  the  bottoii^ 
of  the  box,  came  out  of  the  fpout  Z. 

It  was  found  that  (he  ucmoft  exertion  of  an  ordi- 
nary working  man,  could  not  make  more  than  6q 
revoludons  of  the  handle  in  a  minute  i  in  which 
cafe  the  rope  moved  at  the  rate  of  about  16 
feet  pep  fecond*  With  this  vebcity  the  quan^ 
tity  of  water  that  came  out  of,  the  fpout  Z,  was 
l^b^ut  fix  gallons  pqr  minute:  tmt-it  x^puld  have 


4if  :  JHfiriptitH\^ ibti  \ 

faea  Tmpdffible  fowcfac  aits  to'  .hivcivorlced  at  (hat 
mtcSor  te>re  than  tbcec  or ifonrtninuficK  „% 

£j  /This  machioeolDby  xvid«mil|i  be  placed  ;ithpt» 
viz.  fo  as  to  convey  the  waiffh  feom  one  .place  to 
ndfacTy  :vi£kh'isiJioc,t}tiite.*i)atl||yidi^  over 
the  former.  The  lame  con(lrucbion«id  almoll  the 
fiUDefixpciN:Q;^Ul  adapt  the:  michmoitb  wdls.of  dif« 
ferent  depths,  thoi^b.  iJ}ejeSe<3!i-Mrtltnot  be  al^iays 

che.iamew;  '  i^.'i  .. :.-   ) jr.''!...':  '  ..      viiV; 

More  tha^one  ropev  or  ^i>rG|Bd4ibaind  iofte^d  fif 
a  rbpe»  might  be  adapted  i6  tbsrtniithif^&Hr  whicb 
purpoTe  .thorwheels  mufl  havc:itKukrj;h^^jinC|»fi9r^ 
broad,  grdove,  &c.  ';/i:  .-a-i:   .'-»;: ;.ij.-..  i. 

: . .  The  greaceft  dif^dvantage  of  this  jnacbjDcis^thtf 
the  rope  docs  not  laft  long.  Its  being  always.jw/f 
dtftroys  it  very  fbon.-«*In.pYttdng.oo^bc!j'opfi,.^are 
mufl:  be  had  to  foke  ic  weU  .in  ii^^ater  heforqjt  be 
ipliced  \  othervvife  it  will  cither  be  coo  tight*  or  ic 
ixrill  break. — A  hair  ropeJias  baen  found  to  Uil 
ion^cr  than  one  of  hemp, 
r     •  .     • 

^he  Mechanical  Varado^. 


.-'■• 


i  The  effcfl:  which  arifes  frorft  that  cut ious. proper- 
sty  of  non-claftic  fluids,  viz.  from  their  prefflng  upon 
fqual  bottom!^,  according  to  theirperpendicular  al- 
titudes, without  any  regard  to  their  quantities,  has 
•been  commonly  caHed  the  bydroJlatUalpBradix^ttiA 
Various  machines,  more-  or'lcfs  cdmpHcated,  have 
been  conftruAed  for  the  purpofc  of  rendeaog  it 
""*•.  ftrikingly 
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ftr^kingly.  cvideat ;  but  after  th^  theoretical  expU- 
nation  which  hajs  been  given  of  that  prop^rty^  ic 
fecms  pfekfs  to  employ  more  pages  on  the  defcrip* 
tion  of  fuqh  machines.  .  I  (hall>  however^  add  one 
of  the  leaft  complicate^  conftru£tion.  This  is  re* 
prcfei^ted;  in  6g.  7.  Plate  XV.  Ic  is  commonly 
failed  tbt  iydrq/iaiical  btUows. . 

It  confifts  of  two  thfck  oval  boardsi^  each  aboqt 
16  inches  broad  and  18  inches  long^  jo^ed.by 
means  of  leather^  to  open  and  fhut  like. common 
bellows,  excepting  that  they  move  parallel  to  each 
other..  iV  pipe  Bi  about  3  feet  high,  is  fixed  into 
the  bellows  at  ^. 

Let  fome  water  be  poured  into  the  pipe .  at  #» 
which  will  run  into  the  bellows,  and  ieparate  the 
boards  a  little.  JLay  three  weights  Kc^d%  each 
weighing  100  pounds,  upon  the  upper  board  >  then 
pour  more  water  into  the  pipe  B,  which  will  run 
into  the  bellows,  and  will  raife  the  board  v/ich  all 
■the  weights  upon  it>  and  if  the  pipe  be  kept,  full, 
until  the  weights  are  r^iied  as  high  as*  the^  leather 
which  covers  the  bellows  will- allow  them,  th;5 
water  will  remain  in  the  pipe,  and  fupport  all  thp 
weights,  even  thou^  itfiiould  weigh  no  morefhan 
a  quarter  of  a  pound,,  and  they  300  pounds  ;  nor 
will  all  their  force  be  able  to  caufe  them  to  dcfcend 
|ihd  force  the  water  out  at  the  top  of  the  pipe*. 

A  man  may  ft  and  upon  the  upper  board,  inftead 
of  the  weights,  and  he  may  raifc  himfelf  by  pour- 
ing ws^ter  into  the  pipe  B^  which  will  appear  very 

wonderful 
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wonderful  to  unlkilWd  pcrtbns ;  but  the  wonder  will 
vanifh,  if  it  be  confidcred  that  if  the  man  raifes 
himfclf  one  tenth  part  of  an  inch,  the  water  muft 
defcend  down  almoft  the  whole  length  of  the  pipe; 
fo  that  the  fnfiall  quantity  of  watcf-lrt  the  pipe  can 
balance  the  weight  of  the  manj  bccaufc  their  velo- 
cities, or  the  fpaccs  they  muft  move  through,  art 
Ihverftly  as  their  weights;  which  renders  their  mo- 
mehtums  equal. 

I  fliall  not  defcribe'the  various  forts  of  mills,  or 
•  of  other  hydraulic  engines,  on  three  accounts  prin- 
*^cipally,  v;z.  nrft  betraufc  thbfe  machines,  though 
very  ufcfuK  do  not  point  out  any  new  property  of 
fluids,  bttfides  what  have  been  stlready  exphined ; 
fecondly,  becaufe  the  defcriptions  of  thofe  engines 
may  be  found  in  a  variety  of  books,  fuch  as  dic- 
tionaries of  arts  and  f^Tienccs,  tranfafbion^  of  learned 
focieties,  trearifes  on  mechanics,  on  hydroftaiics, 
&r.  and  3d!y,  becaufe,  by  the  infertion  of  thofc 
defcriptions,  this  work  would  be  fwelled  up  to  an 
cnDrmous  fize. — The  following  machine  is  not  vtrj 

commonly  known. 

ff 

^i  Machine  for  Bk'ioing^    by  means  of  a  Fall 

of  IVntcr. 

Wherever  there  is  ?hc  eonveniency  of  a  fall  d 
water,  which  is  frequently  the  cafe  itK  the  vicinity 
of  hills,  mountains,  ^c^  there  a  machine  forblow^ 
ing  the  fir<;  of  4  furnace  may  be  cftiily  conftru<ftcdi 

and 
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and  it  wfll  it  prove  bcith  ufeful  and  lafting,  almoft 
without  any  farther  expcnce  than  that  which  attends 
the  original  conftruftion. 

The  dirtienlions  of  fuch  machines  muft  be  fuited 
to  the  circunnftanccs  of  the  fituationi  fize  of  the 
furnacCj  &c.  but  thofe  particulars  may  be  cafily 
derived  from  the  general  principles  of  the  con- 
ftrudlion,  which  I  (hall  give  in  the  words  of  Pro- 
feflbr  Venturi,  the  gentleman  who  has  given  the 
bcft  and  molt  recent  explanation  of  thofe  prin- 
ciples. 

«  Let  BCDE,  fig.  17.  Plate  XV.  rcprefent 
**  a  pipe,  through  which  the  water  of  a  canal  A  B, 
"  falls  into  the  lower  receiver  M  N.  The  fides  of 
*•  the  tube  have  openings  all  roun:l,  dirough  which 
"  the  air  freely  enters  to  fupply  >^hat  the  water  car- 
**  ries  down  in  its  fall.  This  mixture  of  water  and 
air  proceeds  to  ftrike  a  mafs  of  (lone  Qj  whence 
rebounding  through  the  whole  width  of  the  re- 
ceiver M  N,  the  water  feparates  from  the  air, 
**  and  falls  to  the  bottom  at  X  Z,  whence  it  is  dif- 
"  charged  into  the  lower  channel  or  drain,  by  one 
"  or  more  openings  T,  V.  The  air,  being  lefs 
*'  heavy  than  the  water,  occupies  the  upper  part 
**  of  the  receiver,  whence,  being  urged  through 
**  the  upper  pipe  O,  it  is  conveyed  to  the 
forge. 

I  formed  one  of  thefe  artificial  blowing  engines 
«*  of  a  fmall  fize.  The  pipe  B  D  was  itwo  inches 
•*  in  diameter,  and  four  feet  in  heiglit.     When  the 
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^  water  accurately  filled  the  fedtion  B  C»  and  all 
*^  the  lateral  openings  of  the  pipe  B  D  £  C  were 
«*  clofed,  the  pipe  O  no  longer  afforded  any 
"wind."  (See  the  note  in  page  i8o  of  this 
volume.) 

"  It  is,  thcreforcj  evident,  that  in  the  open  pipes 
"**  the  whole  of  the  wind  conries  from  the  at- 
**  mofphcre,  and  no  portion  is  afforded  by  die  dc- 
**  compofition  of  water.  Water  cannot  be  decom- 
**  pofed  and  transformed  into  gas,  by  the  lim- 
'^  pie  agitation  and  mechanical  percufiion  of  its 
"  parts.  The  opinibns  of  Fabri  and  Dietrich 
*'  have  no  foundation  in  nature,  and  arc  contraiy 
**  to  experiment. 

"It  remains,  therefore,  to  determine  the  cir- 
cumftances  proper  to  drive  into  the  receiver 
M  N,  the  greatcft  quantity  of  air,  and  'to  mca- 
fure  diat  quantity.  The  circumftances  which 
"  favour  the  mofl:  abundant  production  of  wind, 
**  are  the  following : 

*^  !•  In  order  to  obtain  the  grcateft  effed  from 
*'  the  acceleration  of  gravity,  it  is  neceflary  that 
the  water  (hould  begin  to  fall  at  B  C,  widi  the 
lead  poffible  velocity  i  and  that  the  height  of 
"  the  water  F  B  fliould  be  no  more  than  is  ncccf- 
fary  to  fill  the  fcftion  B  C.  I  fuppofc  the  ver- 
tical velocity  of  this  fcdtion  to  be  produced  by  j:n 
height  or  head  equal  to  B  C. 

2,  Wc  do   not  yet  know,  by  dircd  cxpcri- 
"  ment,  the  diftancc  to  which  the  lateral  commu- 
8  «  nicatiofl 
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*^  hieifkih  of  modon  between  water  aftd  air  can  ex* 
•*  tend  itfclf ;  but  we  may  admit*  with  confidence, 

L!!^^"^  '^-S^'L^^lf^.  P]!5£  *"  ^  fcftipn  double  that  of 
the  original  fcftion  with  which  the  water  enters 
the  pipcb    Let  as  fijppoft  the  feftion  of  the  pipe 

«  B  D  EC,  t6  be  dbtiblc  the  ftftion  of  the  water 
at  B  C  J  and  in  ordpr'that  llie  ftream  of  fluid 
may  extend  and  divide  itfclf  through  the  whole 
double  feftion  of  the  pipe,  fome  bars,  or  a  grate, 

*'  are  placed  in  BC,  to  diftributc  and.fcatter  the 

*^  water  thiough  the  whole  internal  cavity  of  die 

•  •*  pipe. 

'     "••  3.  Since  the  air  is  required  -to  more  in  the   ^ 

pipe  O,  with  a  certain   vilocity,    it  muft  be 

comprcfTcd  in  the  reviver.     This  compreflSon 

win  be  proportioned  to  the  fam  of  the  accele- 

•'  radons,  which  ftiall  have  been  deftroyed  in  the 
inferior  part  K  D  of  the  pipe.  Taking  K  D 
equal  to  one  foot  and  a  hal^  we  fhall  have  a 
prcITure  fufiicient  to  give  the  requifite  velocity 

^<  in  the  pipe  O.    The  fides  of  the  portion  KD,  as 
.  •*  well  as  tbofe  of  the  receiver  MN,  muft  be  ex- 

■ 

•*  a6Hy  clofed  in  every  part, 
r  <'  4«  The  lateral  openings  in  the  remaining 
"  part  of  the  pipe  B  K,  may  be  fo  dtfpofed 
**  and  mulriplied,  particularly  at  the  upper  part, 
*^  that  the  air  may  have  free  accefs  within  the 
<'  tube.  I  will  fuppofe  them  to  be  fuch,  that 
<^  ohe-tenth  part  of  a  foot  heig[it  of  water 
**  might  be  fufficient'to  give  the  neceflary  ve- 

'*  locity 
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^  kxrity  to  the  air  at  its  iotrodudtiott  thrtnigh  the 
••  apertures,  {i)  ^ 


( I )  ^  All  diefe  coadicioiif  being  attended  to,  and  Tup- 
^  pofing  the  pipe  B  D  to  be  cjdindrical,  it  is  required  to  de- 
^  termine  the  quantity  of  air  which  pafles  in  a  given  rime 
'  ^  dirough  the  circular  fedlon  K  L.  Let  us  take,  in  feet| 
«KD  =  i,5;  BC  =  BF  =:  j$  BD=:  *.  By  the 
tt  common  theory  of  falling  bodies,  the  velocity  in  K  L  will 

•*be  7,76  i/  ff  +  ^  —  M  »  **  circular  (eftion  KL 
^  =:  0,785  a\  Admitting  the  air  in  KL  to  have  ac- 
^  quired  the  fame  velocity  as  the  water,  the  quantity  of  the 
^  mixture  of  the  wateor  and  air,  which  pafles  in  a  Csoond, 

«*  through  KL,  is  =  6,1  «*  v'  «  +  ^ —  i>4»  We  muft 
^  it&aSt  from  the  quantity  (a  -f  ^  —  i^)  that  bei^t 
^  which  anfwers  to  the  velocity  the  water  muft  lofe  by  that 
^  portion  of  velocity  which  it  communicates  to  the  new  air 
<<  laterally  and  conftantly  introduced  \  but  this  quantity  is 
^  fo  fmall,  that  it  may  be  negleded  in  the  calculation. 
«^  The  water  which  pafles  in  the  fame  timfe  of  one  fecood 
**  through  BC,  is  =:  0,4  «*  %/  ^  +  o,i.  Confcquently, 
#  the  quantity  of  air  which  pafTes  in  one  fecond  through 

•*  K  L,  will  be  =  6,1  tf*  v'tf+^— -ii,4  —  0,4  «*  t/tf+o,j; 
^  taking  the  air  itfelf,  even  in  its  ordinary  ftate  of  com- 
^  preQ|on,  under  the  weight  of  the  atroofpherc.  It  will  be 
*'  proper,  in  prai^ical  applications,  to  dedu«£t  cne-fourih 
"  from  this  quantity;  ift,  on  account  of  the  (hocks  which 
"  thefcattered  water  fuftains  againft  the  interior  part  of  the 
"  tube,  which  deprive  it  of  part  of  its  motion  j  and,  2dlr, 
<^  becaufe  it  muft  happen  that  the  air  in  L  K  \i  ill  not,  in 
*'  all  its  parts,,  have  acquired  the  fame  velocity  as  the 
«  vva:ter." 

Mf 
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^^  If  the  pipe  O  do  not  difcliarge  the  whole 
<'  quandty  of  air  afforded  by  the  &11^  the  water 
'^  will  ddfcend  at  XZ;  the  point  K  will  rife  in 
the  pipe^  the  afflux  of  air  will  diminiihi  and 
part  of  the  wind  will  ifibe  out  of  the  lower 
^  lateral  apertures  of  the  pipe  B  K*." 

ne  Anmtnneter^  or  Wind-gage. 

The  diredion  and  the  ftrength  are  the  two  parti- 
culars which  may  be  required  to  be  afcertained  with 
relped  to  the  wind. 

The  methods  of  determining  the  aftual  direfbion^ 
by  means  of  wind-vanes^  or  of  the  motion  of 
.cloudsj  &c  are  too  common  and  too  obvious^  to 
need  any  particular  defcription  3  but  for  the  purpofe 
of  meafuring  the  force  of  the  wind>  feveral  inftm* 
ments  have  been  contrived  j  fuch  as  a  board  faften-* 
ed  to  the  jrod  of  a  pendulum>  which  fhe ws  the 
ftrength  of  the  wind  by  the  angle  to  which  the 
pendulum  is  caufed  to  deviate  from  the  perpendi* 
culari  fuch  alfo  as  a  fmall  windmill,  which,  by 
the  number  of  revolutions  that  are  performed  in  a 
gjven  time,  gives  an  eftimate  of  the  force  of  the 
windj  &c»  but  amongft  all  thofe  inftruments,  the 
moft  portable,  lels  equivocal,  and  lels  complicated^ 

^    ■■■■■■       ■  ■  ,.  .,  ■  I  i  ■       ■  ■  I  <»i     I 

•  Venturi's  Experimental  Enquiry  on  the  lateral  com- 
QunkatioQ  of  motion  in  fluids*  Prop«VIII. 

'VOL,  II.  Q  Q  .  wind- 
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wind-gagf,  18  one  wfakh  was  contrived  by  Dr. 
James  Lind  of  Windfor:  dw  is  delifieai:ed  in 
fig.  8.  Plate  XV.  which  is  about  one-balf  of 
die  real,  or  more  ufual,  (ize  of  fuch  inftrumems.— * 
Pfaiiofopbical  Tranfadtunt,  voL  65,  p.  353. 
^'^'This  fimple  inftnimeat  oonfifis  of  two  glafs 
tubes,'  A  B>  CD,  of  five  or  fix  inches  in  length.* 
Then-  bores,  which  are  fo  much  the  better  always 
for  being  equal,  are  each  about  ,%  ths  of  an  inch 
in  diameter.  They  are  cooneded  teacher  like  a 
fyphon,  by  a  fmaU^  bent  gtafs  tube  4  ^>  the  bore  of 
which  is  ^th  of  an  inch  in  diameter.  On  the 
i]|)|)er  end  of  the  kg  A  B,  there  is  a  tube  of  lateen 
bralSf  which  is  kneed  or  bent  perpendicularly  out* 
wardsj  and  has  its  mouth  opea  towards  F.  On 
the  ether  kg  CD  is  9  cover,  with  a  round  hole  G 
in  die  upper  part  of  ii^  Adis  of  an  inch  in  diame^ 
ter.  This  cover^  and  the  kneed  tube  are  conned^d 
together  t^  a  flip  of  brafs  cd^  which  not  only  gi  v^ 
ftrength  to  the  whok  inftrument,  but  ali(>.  fcrves  lo 
beki  the  fcak  H  I«  The  kneed  tube  and  cover  art 
fixed  on  with  hard  cement,  or  fealing- wax.  To  the 
fame  tube  is  foldered  a  piece  of  brafs  e^  with  a 
round  hole  in  it,  to  r-eceive  the  fbeel  fpiodJe  K  U 
and  at  /  there  is  jud  fuch  another  picQp  of  braft 
Jcddered  to  the  brafs  hoqp  gb^  which  AKroundi 
both  legs  of  the  inftrument.      There  is  a  fmall 


•  **  They  ought  to  be  longer,  as  m  fevcral  cafes  the 
'<  abovementioned  length  has  been  found  infiifficient/' 

ftouldfr 
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(houlder  Ofl  die  fpindle  aty^  upon  which  the  inftfui* 
ment  reftSi  and  a  finan  nut  ftt  ij  to  prevent  it  from  be- 
ing Uown  pflT  the  fpindle  by  die  wihd.  The  whole  \n^ 
ftrument  is  eafily  turned  round  upon  die  fpindle  by  the 
wind^  fb  as  always  to  prefent  the  mouth  of  the  kneed 
tube  towards  it.  The  lower  end  of  the  fpindle  has  a 
fcrew  on  it;  by  which  it  may  be  (brewed  into  the  top 
of  a  poftj  or  a  ftand  made  on  purpofe.  It  alfo  has  a 
hde  at  L^  to  admit  a  fmall  lever  for  fcrewing  it  into 
woodwidi  more  readinels  and  &cility.  A  thin  plate  of 
braisy  k^  is  foldered  to  the  kneed  tube  about  half  an  "f 
Inch  ;ibove  the  round  hole  Gj  lb  as  to  prevent  rain 
from  falling  into  it.  There  is  likewife  a  crooked 
tube  A  fi,  fig.  9.  to  be  put  on  occafionaliy  upon 
the  mouth  of  the  kneed  tube  F>  in  order  to  pre* 
vent  rain  from  being  blown  intb  the  mouth  of  the 
wind-gage,  when  it  is  left  out  all  night,  or  ex- 
pofed  in  the  dme  of  rain.  The  force  or  momentum 
of  the  wind  may  be  afcertained  by  the  afliftanoe  of 
this  inftrument,  by  fUling  the  tubes  half-full  of 
water,  and  pulhing  the  fcale  a  little  up  or  down, 
till  the  b  of  the  fcale,  when  the  inftrument  is  held 
up  perpendicularly,  be  on  a  line  widi  the  fur&ce  of 
the  water,  in  bodi  legs  of  the  wind-gage.  The 
inftrument  being  thus  adjufted,  hold  it  up  perpen- 
dicularly, and  turning  the  mouth  of  the  kneed 
tube  towards  the  wind,  obferve  how  much  the 
water  is  deprclTed  by  it  in  one  leg,  and  how  much 
it  is  railed  in  the  other.  The  fum  of  the  two  is  the 
height  of  a  column  of  water  which  the  wind  is  ca- 

G  0  2  pable 
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pable  of  fuftaining  at  that  timd ;  and  every  body 
,that  is  oppofed  to  that  wiiid>.  will  be  preiTed  upon 
by  a  fcrce  equal  to  the  weight  of  a  column  of 
water,  having  its  bafe  equal  to  the  furface  that  ii 
expofed,  and  its  height  equal  to  the  altitude  of 
the  column  of  water  fuftained  by  the  wind  in  the 
wind-gage.  Hence  the  force  of  the  wind  upon 
any  body»  where  the  furface  oppofed  to  it  is 
known,  may  be  cafily  found,  and  a  ready  compa- 
Wfon  may  be  made  betwixt  the  ftrength  of  oae 
gale  of  wind  and  that  of  another,  by  knowing  the 
heights  of  the  columns  of  water,  which  the  dif- 
ferent winds  were  capable  of  fuftaining.  The 
heights  of  the  columns  in  each  leg  will  be  equal, 
provided  the  legs  are  of  equal  bores  ;  othcrwile  the 
heights  muft  be  calculated  accordingly. 

"  The  force  of  the  wind  may  likewife  be  mca- 
fured  with  this  inftrument,  by  filling  it  until  the 
water  runs  out  at  the  hole  G.  For  if  we  then  hold 
it  up  to  the  wind  as  before,  a  quantity  of  water 
will  be  blown  out.;  and,  if  both  legs  of  the  inftru- 
ment  are  of  the  fame  bore,  the  height  of  the  column 
fuftained  will  be  equal  to  double  the  column  of 
water  in  either  leg,  or  the  fum  of  what  b  wanting 
in  both  legs.  But  if  the  legs  be  of  unequal  bores, 
then  the  heights  muft  be  jcalculated  accord- 
ingly. 

^*  On  land  this  inftrument  may  be  left  out  ex- 
pofcd  all  night,  &c.  ;  but  at  fea  it  muft  always  be 
held  up  by  the  hand  in  a  perpendicular  pofnion, 

whether 
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whether  it  be  ufcd  when  only  half-full  of  water, 
or  when  quite  full  j.  which  laft  will  be  frequently 
found  to  be  the  only  pradicable  method  during  the 
night. 

^'  The  ufe  of  the  foiall  tube  of  communication 
a  by  fig.  8.  is  to  check  the  undulation  of  the  wa- 
ter, fo  that  the  height  of  it  may  be  read  off  from 
the  (bale  with  eafe  and  certainty.  But  it  is  parti* 
cularly  defigned  to  prevent  the  water  from  being 
thrown  up  to  a  much  greater  or  lefs  altitude  than 
that  which  the  wind  can  fuftain. 

*'  The  height  of  the  column  of  water  fuftained 
in  the  wind-gage  being  given,  the  force  of  the 
wind  upon  a  foot  fquare  is  eafily.  had  by  the 
following  tabic*  and  confequently  on  any  known 
iurfiicc." 


-    CO  3 


,^^  Pfftr^im^iht 


Force  ef  th«  ^ind 
Meilht  ^  dK  water  os  toe  foot  fquare      Connoo  d«fig»fttioal 

in  tlft  ti|c.  la  poandt  ftvoir-^  of  Aich  winds. 

4upoifc* 

Ipchfi  11—  -^    6a,500 

It    —  —    J7t^93 

10    -^  -^    S^tOSjY  moft  violent  huN 

^    .^  .^    4^><75  J      ricane. 

8    -^  --*    419^(7  tery  great  hurritanc 

y    —  -^    3^548  g«»f  hurricaoc. 

6    —  —    3i>750  hurrtcane* 

^    •«.  ^^    a6j04t  Ytiy  great  ftonti. 

4    — .  ^    ao,«33  gr«t  ftoitn. 

3    -ii^  <—    159605  ftomi. 

ft    «^  «^    10^4 1 6  veiy  ht^  wind. 

I     —  I—      5>2o8  high  mnd. 

0^5  —      2^604  brink  gale, 

o^i  —      o>52i  fre(h  breeze. 

0,05  — •      0,260  p)eaiant  wind. 

0,025  —      0,030  a  gentle  wind. 


When  the  height  of  the  water  is  not  exafUy  men- 
tioned in  the  table,  then  that  height  may  be  fepa- 
rated  into  fuch  parts  as  are  mentioned  in  the  tabk, 
and  the  fum  of  the  forces  anfwering  to  fuch  parts 
will  be  the  force  of  the  wind  corrcfpondcnt  to  the 
height  in  queftion  i  thus,  if  the  height  of  the  water 

be  4,6  inches  s   then  this  height  is  equal  to  4) 

plus 
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plus  o>5>  plus  o,i»  which  parts  are  all   in  the 
taUe;  therefore 

Ibt. 

4    inches    20,833 

0,5      —      2^604  ' 

0,1       — •      0,521 

The  film  is  23,958,  which  exprefles  the  force 
of  the  wind  when  the  height  of  the  water  in  the 
gage  is  4,6  inches, 

An7  alteration  that  can  ufually  take  place  in  the 
temperature  of  die  water,  makes  no  fenfible  dif- 
ference in  this  inftrument. 

In  &ofty  weather  this  gage  cannot  be  ufed  with 
common  water.  At  that  time  fome  other  liquor 
ffluft  be  ufed,  which  is  not  fo  fubjeft  to  freeze ; 
and,  upon  the  whole,  a  farurated  folution  of  com- 
mon fait  in  water  is  the  moft  eligible :  but  in  that 
cafe  (fince  the  (peciBc  gravity  of  a  faturated  folu« 
tion  of  fait  is  to  that  of  pure  water  as  1,244  to  i ) 
the  forces  which  are  dated  In  the  preceding  table 
muft  be  multiplied  by  1,244.  Thus,  if  in  the  pre- 
ceding example  the  faturated  folution  of  fait  had 
been  ufed  inftead  of  water  only,  the  force  of  the 
wind  on  a  Iquare  foot^  would  have  been  29,8 
poucida^* 


■  *  When  (alt- water  is  ufed»  the  force  of  the  wind,  which 
is  ftated  in  the  table^  muft  be  increafed  in  thf  proportion  of 

004  the 
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The  Barmiter^ 

The  confhuftion  of  the  barometer  has  been  fo 
often  varied  at  diflferent  times,  and  by  diflFerenc 
ingenious  perfons,  that  a  defcription  of  all  its 
fhapes  and  variede$  would  be  endlefs;  but  it 
would  at  the  fame  time  be  ufelefs^  fince  few  of 
thofe  various  conflrudUons  are  really  fufficiendy 
ufeful,  either  for  the  common  purpofe  of  indicating 
the  variations  of  the  gravity  of  the  atmofphere^  or 
4br  the  purpofe  of  meafuring  aldtudes. 

As  the  ufual  perpendicular  movement  of  die 
mercury  in  the  barometer,  upon  the  whole,  hardly 
amounts  to  two  inches  and  a  hal^  therefore  the 
principal  objeft  of  various  ingenious  perfons  has 
been  to  extend  the  fcale,  fo  that  very.fmall  varia- 
uons  might  be  rendered  apparent. 

One  of  the  methods  by  which  this  objedt  has 
been  acco'mplilhcd,  is  rcprefented  in  fig.  8.  of 
Plate  XVI. 

A  B  is  a  glafs  tube  about  5  or  6  feet  long,  open 
at  its  lower  end,  and  having  an  enlargement  C  D  at 


the  fpccific  gravity  of  fait- water  to  that  of  common  water; 
thus,  uHng  the  preceding  example,  we  muft  fay,  as  i  :  1,244 
: :  23,958  to  a  fourth  proportional,  which  muft  be  found  by 
multiplying  the  fecond  term  by  the  third,  and  then  dividing 
the  produd  by  the  firft  term;   but,  die.firft  term  being 

unity,  we  need  only  multiply  23,958  by  x,244. 

the 
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the  height  of  between  28  and  3  l  inches  ibove  its 
lower  extremity.  This  tabe  is  filled  widi  mercury 
as  high  as  about  CD,  viz.  the  middle  of  the  en- 
largement  of  its  cavity ;  and  the  upper  part  of  it, 
viz.  from  the  lurface  C  D  of  the  mercury,  to  a 
certain  place  £,  in  the  upper  part  G  B  of  the  tube, 
is  filled  with  tinged  Ipirit  of  wine  $  the  rep[iaining 
ipace£B  being  a  vacuum.  F  is  a  balbn  contain* 
ing  quickfilver,  wlierein  the  lower  end  of  the  tube 
is  immerfed. 

When  the  mercury  rifes  in  the  bammeter ;  for 
inftance,  one  inch  in  the  enlargement ,  C  D,  it  is 
evident  that  a  certain  quandty  of  fpirit  of  wine 
mud  be  forced  by  it  into  the  part  G  B,  which  will 
fill  much  more  than  one  inch  length  of  the  tube  GB, 
firft  becaufe  one  inch  altitude  of  the  cavity  CD 
contains  fpirit  of  wine  enough  co  fill  up  fome  inches 
length  of  the  tube.  G  B ;  and  adiy,  becaufe  one 
inch  perpendicular  altitude  of  quickfilver  is  equiva- 
lent to  feveral  inches  perpendicular  aldtude  of  fpirit 
of  wine.  By  this  means  a  fmall  variation  of  the 
altitude  of  the  mercury  in  C  D>  is  indicated  by  a 
much  more  apparent  variation  of  the  aldtude  of  the 
ipirit  of  wine  in  G  B. 

Barometers,  containing  mercury  and  fpirits,  or 
mercury  and  water,  or  mercury  and  ibme  other  li- 
quor,  have  alfo  been  made  of  feveral  parallel  tubes 
conneAed  together  in  a  zigzag  way ;  but  I  need 
not  detain  my  readerH)y  a  particular  defcription  of 
fuch  barometers,  fince  they  arc  all  much  more  im- 

perfed 


45*  D^rifiim  ^fihi 

perfed  than  the  fimpie  ftraight  meixftirial  baiome- 
tcr.  Their  imperfedtons  principattjr  arife  from  the 
rq>an(ion  and  oontndion  of  the  other  flaid  beiides 
the  mercury,  and  iirom  the  Tapour  which  being  es- 
tripated  from  that  other  fluid,  and  occupying  the 
upper  part  of  the  tiibcj  countentOs  in  great  mea- 
iiire  the  prefiure  of  the  atmofphere. 

The  elongation  of  the  fcak»  or  of  die  apparent 
motioD  of  the  barometer,  has  alio  been  acconpKfli- 
cd  by  inclining  part  of  the  mercurial  barometer. 
Thiss>  m  fig.  9.  Plate  XVL  the  tube  is  ftraigfit 
from  the  baibn  B>  to  the  aldtude  A»  viz.  about 
at  inches,  but  the  refl:,  A  C,  is  incKnod  co  die 
bortaon. 

Now,  as  the  ordinary  perpendicohu'  nodon  of 
die  quickfiiver  amounts  to  about  diree  inches, 
which  18  equal  to  AD;  therefore,  when  it  moves  not 
perpendicularly  from  A  to  D,  but  obliquely  through 
A  C,  it  muft  run  all  the  way  from  A  to  C^  in  or- 
der to  attain  three  inches  of  perpendicular  aldtude; 
fo  that  if  the  part  A  C  be  la  inches  long,  viz.  four 
times  as  long  as  the  part  AD,  then,  whilft  the 
mercury  in  a  ftraight  barometer  rifes  one  inch,  in 
ihis  flant  barometer,  it  will  run  along  four  inches 
length  qf  the  part  A  C  ;  and  of  courfe  the  finall 
alterations  of  the  preflure  of  the  atmofphere  are 
thereby  rendered  more  apparent.     Yet   this  flaot 
barometer  is  by  no  means  fo  accurate  as  a  ftraight 
one ;  -and  the  caufes  of  its  inaccuracy  principalif) 

Mt  the  obliquity  of  the  fur&ce  of  the  oiercury  in 

the 


the  part  A€»  the  dlfficqtey  of  obuiaing,  or  o( 
knowingt  when  the  part  AC  is  pcrfeftljr  ftrught, 
and  the  want  of  freedom  in  the  motk>D  of  the 
iquickfilvcr,  which  arifes  from  its  attraftbn  to- 
wards the  gUfS|  and  which  increa&s  with  the  iacieafe 
of  the  obliquity  of  the  part  AC. 

Barometers  are  alfo  made  to  move  circular  in- 
dexes; Ihey  have  likewife  been  made  with  an 
horizontal  elongation  at  the  lower  part  of  the  tube  % 
always  for  the  purpofe  of  extending  the  fcale.  But 
all  thofe  conftrudions  are  attended  with  confiderable 
impeHe£tions  $  fo  that,  uf)on  the  whole,  the  llraighp 
mercurial  barometer  is  the  befl:.  Upon  fuch  a 
barometer  for  common  purpofes,  the  altitude  may 
be  a>nunodioufly  read  off  to  die  exaAnefs  of  one- 
hundredth  part  of  an  inch ;  and  on  thofe  which  are 
made  for  meafuriog  aldtudes,  as  mountains,  &c. 
ft  may  generally  be  read  off  within  the  500th  part 
of an  ioch» 

I  need  not  defcribe  the  ornainental  part  of  the 
common  barometers,  which  is  varied  by  the  &ncy 
of  every  maker ;  but  a  complete  one  is  (hewn  by 
fig.  14.  Pbce  XVL ;  two  things,  however,  de« 
ii»*ve  to  be  mentioned,  viz.  the  more  ufual  con- 
ftrudtion  of  the  lower  part,  or  of  the  ciftern ;  and 
die  nature  of  the  nonius,  which  (in  the  bed  con- 
ftrudion)  is  affixed  to  the  index  for  the  purpofe  of 
indicating  the  fmall  parts  of  an  inch. 

The  lower  part  of  the  tube  is  fomeumes  bent  and 
enlarged,  as  is  (hewn  by  ^g.  lo.  of  Phue  XVI. 
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in  which  coiiftrud:ion,  when  the  barometer  is  to  be 
removed  fiom  one  place  to  Jbiother,  the  inftrument 
is  turned  gendy  upfide  down^  *and  the  mercury 
fillbg  the  whole  tube,  comes  not  higher  than  the 
curvature  A  ;  but  when  the  barometer  is  fet  ftraight 
up  againft  a  wall  in  the  ufual  way,  then  the  quick- 
filver  defcending  a  litde  way  fiom  die  cloied  upper 
end  of  die  tube,  fills  the  part  A  B«  and  riles  a  littie 
way  within  the  enlarged  part  B  j  which  in  h&  is 
the  ciftem  of  the  barometer.  Sometimes  the  ba- 
rometers are  made  with  an  open  ciftem^  in  which 
cafe  they  zGt  well,  but  are  not  portable,  unlefs  they 
be  carried  ftraight  up,  and  very  gendy,  from  one 
place  to  anothei*. 

The  moft  portable  barometers  of  the  com^ 
mon  fort,  have  a  litde  bag  made  of  a  piece  of 
bladder,  tied  round  their  lower  extremity.  This 
bs^  and  tube  are  filled  with  mercury,  and  no  part 
of  that  mercury  is  expofed  to  the  atmofphere^  but 
the  atmofphere  preffcs  upon  the  putfide  of  the  bag, 
which  anfwers  the  fame  purpofe.  To  thofc 
barometers  a  fcrew  S,  fig.  13.  Plate  XVI.  is 
affixed  to  the  frame,  which,  when  the  barometer 
is  to  be  carried  from  place  to  place,  is  fcrewed  up- 
wards by  applying  the  hand  to  the  milled  head  T> 
by  which  means  the  prcffure-  of  the  fcrew  againft 
the  bag,  puflics  the  mercury  into  the  tube,  fills  up 
the  whole  length  of  the  tube,  and  renders  the  in- 
ftrument quite  portable. 
On  reflexion  it  will  appear,  that>  according  to 
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the  above-mentioned  conftrudion  pf  citterns^  when 
the  mercury  rifes  in  the  tube^  it  muft  fall  m  the 
ciftern;  b  confequence  of  which  the  altitude  of 
the  mercury  fliould  always  be  reckoned  from  the 
furface  of  the  mercury  in  the  ciftern ;  this,  how- 
ever,  excepting  in  barometers  for*  meafuring  aid- 
tndes,  is  in  general  not  taken  nodce  of;  fince  the 
difference  is  not  great. 

The  principle  of  what  is  commonly,  though  im- 
properly, called  nimius^  may  be  better  explained  by 
means  of  an  example.  This  curious  contrivance  is 
of  great  ufe ;  and  in  fad  it  has  been  applied  to  a 
great  variety  of  pbilofophical,  and  principally  of 
aftronomical,  inftniments*. 

Suppofe  that  a  fcale,  as  AB,  Hg:  1 1.  Plate  XVL 
is  divided  in  inches  only,  and  that  the  parts  of  an 
inch  ffor  inftance,  the  quarters)  be  required  to  be 
meafured  by  means  of  a  nonius :  C  D  is  the  no- 
nius, viz.  a  litde  fcale,  moveable  over,  or  along,  the 
fide  of -the  fcale  A  B.  The  conftruftion  of  this 
nonius  is  fuch,  that  the  didance  CD,  which  is  equal 
to  three  inches,  is  divided  into  four  equal  parts ; 

•  ^«  This  method  was  publifhed  by  Peter  Vernier  (^ 
^  gcndcman  of  Franche  Comtc)  a.t  Bruffcis,  in  the  year 
<^  1631 ;  and  which,  by  fome  ftrange  fatality,  is  moft  un- 
^  jtiftly,  although  commonly,  called  by  the  nameof  JV^/t/irj ; 
<<  foriVIwiiri's  method  is  not  only  very  different  fram.that  ot 
•**  FimitTy   but    much    lefs   convenient."      Robjitloii's 

Navigation,  B.  V*  §•  219* 
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mhftrezs,  on  the  fctle^  die  iame  leagth  is  divided 
into  three  equal  parts  i  fo  that  die  divtfions  of  die 
nonius  are  to  thote  of  the  fcale  as  4  to  3.  Thett- 
lore  the  parts,  or  dtvifionst  of  liie  nonius  ait 
jborter  than  the  divifions  of  the  fcale,  viz. 
each  part  of  the  nonius  muA:  be  eqtiai  to  thite^ 
tjuarters  of  each  divifion  of  the  fade  1  hence  tbr 
firft:  divifion  of  the  nonius,  which  lies  be* 
tween  o  and  U  is  one-quarter  of  ao  tncfa  ihorter 
than  the  next  divifion  of  the  ftalc;  the  taond 
divifion  of  the  nonius  is  half  Mn  inch  diftant  from 
the  next  divifion  of  the  fcale  i  and  the  third  divifion 
of  the  nonius  is  three-quarters  of  an  inch  diftaot 
from  the  next  divifion  (meaning  always  Inwards  d» 
right-hand)  oC  the  fcale. 

Now,  when  I  am  to  meafure  the  diftance  E  F, 
by  the  application  of  the  fcale,  I  find  it  equal  to 
four  inches ;   but  if  I    want  to  meafure  the  dif- 
tance EG^  the  fcale  will  ihew  that  it  is  more  tbao 
four  inches,  but  not  how  much  mone ;  now,  in  or- 
der to  find  how  much  more  than  four  inches  that 
didance  EG  is,  I  move  the  nonius  forward  until  k$ 
edge  D  coincides  with  G.     (Here  the  diflance  EG 
is  not  place(f  clofe  to  the  fcale  and  nonius,  only  to 
avoid  confufion)  and  in  that  cafe,  I  find  that  the 
third  divifioc  of  the  nonius  coincides  with  one  of 
the  divifions  of  the  fcale ;  but  chat  divifion  of  the 
nonius,  as  has  been  fhcwn  above,  was  three  quar- 
ters of  an  inch  didanc  from  the  next  divifion  of  tk 
,  fcale ;  therefore  the  nonius  has  now  been  advanced 
three  quarters  of  an  inch,  as  is  fhewn  by  fig.  12.  and 
1  of 
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of  cour&^the  length  EG  U  fi:)ur  indies  and  (bree* 
qimrters. 

What  has  been  (aid  of  diis  nonius  nuy  be  eaGl/ 
applied  to  explain  the  principle  of  every  other  no« 
nhis  I  riz.  as  by  this  nonius  we  have  the  quarters 
of  aa  inch»  becaufe  the  fame  (pace  of  thiee  inches 
is  diWded  into  three  equal  parts  on  the  icale>  and 
into  four  equal  parts  00  the  noniusi  fo  we  may 
have  ibc  tenths  of  an  inch  if  the  fame  Ipace  of 
9  inches  be  divided  into  10  equal  parts  on  the 
nonius  i  fo  alfo  we  may  have  the  hundredths  of  an 
iBcbi  if  the  iame  ipace,  which  is  divided  into  9* 
teaths  of  an  inch  on  the  fcale  be  divided  into  lo 
equal  parts  on  the  nonius ;  and  fo  forth. 

The  barometers  for  meaibring  mountains^  or  al->> 
ticudes  in  generali  mud  be  made  with  much  greater 
accuracy  than  thofe  of  the  common  forts  their  fcale 
mull*  be  longer  i  the  mercury  in  the  ciftern  mud  be 
Ftiftd  by  means  of  a  fcrew  always  to  the  fame  mark». 
in  order  that  the  divifions  of  the  fcale  may  indicate 
die  real  altioides  of  the  furface  of  the  mercury  in  the 
tube  above  that  of  the  mercury  in  the  ciftern. 
They  tUb  mud  be  furniihed  with  a  ftand  capable 
of  Aipporttng  them  in  a  perpendicular  iicuation ; 
fiy  odierwife  they  cannot  be  fufpended  flraight  up 
00  the  fides  of  mountains  i  and  great  care  muft  be 
had  to  isoder  fuch  inftrumcnts  as  poruble  and  as  fe« 
oioe  ad'poffible. 

Various  contrivances  have  been  made  and  exe-* 
for  ibe  actainerient  of  fuch  objeAs.  The  lat^(t> 
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srtid  perhaps  die  beft^  but  by  no  means  die  (impledj 
was  made  by  Mr.  Haas  3  I  (hall,  however,  briefly 
defcribe  the  conftru&ion  of  the  portable  barometers 
contrived  and  conftruAed  by  the  late  very  ingenious, 
philofbphical  inftrument-makerj  Mr.  Jefie  RamT« 
itii^  which  have  been  ufed  by  various  philofophi- 
cal  gentkmen,  dnd  efpecially  by  Colonel  Roy  in  hi> 
numerous  meafuremehts.  Fig.  20.  and  11.  of  Plate 
XVI.  exhibit  a  barometer  of  this  conftrudion, 
both  in  the  fituadon  proper  for  obfervauon,  and 
packed  up. 

The  principal  parts  of  this  inftrument  are  a 
fimple  ftraight  cube,  fixed  into  a  wooden  ciftem 
**  A,  which,  for  the  conveniency  of  carrying,  is 
••  fhut  with  an  ivory  (crew  B,  and  that  being  re- 
moved, is  open  when  in  ufe.  Fronting  this 
aperture  is  diftin6tly  feen  the  coincidence  <^the 
^  gage  mark,  with  a  line  on  the  rod  of  an  ivory 
"  float,  fwimmingon  the  furfaceof  the  quickGlver, 
'*  which  is  raifcd  or  deprcfTed  by  ^  brafs  fcrew  C  at 
^*  the  bottom  of  the  ciftem.  From  this^  as  a  fixed 
**  point,  the  height  of  the  column  is  readily  mca- 
"  fured  on  the  fcale  D  attached  fo  die  frame,  aU 
"  ways  to  -5^  J  c5^  pare  of  an  inch,  by  means  of  a  no- 
"  nius  E,  moved  with  rack-work.  A  thermo- 
**  meter  F  is  placed  near  the  ciftem,  whofe  bal 
^  heretofore  was  ufually  inclofed  within  the  wood- 
"  work,  a  defeft  that  hath  been  (incc  re(nedicd. 
«*  The  three-legged  ftand,  fupporting  the  inftru- 
**  ment  when  in  ufe,  fcrvca  as  a  cafe  for  it  when 

•*  inverted 
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**  inverted  and  carried  from  place  to  place^  fig.  a  i . 
*•  Two  of  diefc  barometers»  after  the  qmckfilVei^ 
*^  in  them  hath  been  carefiilly  boiled,  being  fuffered 
*'  to -remain  long  enough  in  the  fame  fituation,  to 
*'  acquire  the  lame  temperature,  ufually  agree  in 
*•  height,  or  rarely  differ  from  each  other  more 
^'  xhan  a  few  thoufandth  parts  of  an  inch*/* 


^e  Air-Pump. 

The  Mr-pump  is  an  inftrument  which  (crves  to 
draw,  or  pump,  the  air  out  of  any  veflei  which  is  . 
properly  adapted  to  it.  This  noble  engine  is  one 
of  the  principal  inftruments  which  have,  lince  the 
middle  of  the  17th  century,  contributed  to  the  rapid 
adv^cement  of  natural  philofophy,  by  affording  the 
means  not  only  jof  verifying  what  had  been  advanced 
and  conjedured  by  feveral  learned  perfons  concern- 
ing die  atmofpbere ;  but  likewife  of  trying  a  great 
many  experiments^  and  of  afceruining  a  vail  num* 
ber  of  new  and  interefting  &fts. 

Thejori^nal  principle  or  conftrufbion  of  the  air-^ 
putnp  b  fimilar  to  that  of  the  common  water-pump 
which  we  have  already  defcfibed  1  excepting  that 
the  parts  of  the  air-pump  muft  be  executed  with 
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very  great  accuracy,  for  the  purpofe  of  intercepting 
the  paflage  of  the  air,  where  that  b  not  wanted, 
and  which,  on  account  of  the  prcflure  of  the  at- 
mofphere  and  the  fubtlety  of  the  air,  cannot  be 
well  intercepted,  without  the  utmofl  mechanical 
accuracy. 

The  firft  conftrudlion  of  the  air-pump  was 
very  imjperfeft,  but  a  variety  of  improvements 
gradually  removed  its  imperfeftions,  and  multi- 
plied its  varieties,  fo  that  at  prefcnt  there  arc 
various  forts  of  air-pumps  in  ufe,  which  are 
more  or  lefs  complicated,  more  of  Icfs  effedual 
in  exhaufting,  and  nrfore  or  lefs  expenfive.  The 
h.ftory  of  moft  of  its  improvements  and  (hapes, 
makes  a  very  entertaining  article  in  various 
books,  and  cfpccially  in  the  Encyclopaedia  Bri- 
tannica,  under  the  article  Pneumatics ;  but  fcveral 
of  thofe  improvements  need  not  be  noticed  at 
prefcnt,  fincc  they  have  been  fupcrfeded  by  better 
contrivances.  The  defcription  of  the  particular 
conftruftions,  at  leaft  oi  the  moft  ufeful,  may  be 
found  in  the  aboVc- mentioned  article,  or  in  other 
works  that  are  mentioned  in  the  note.  We  Ibali 
only  defcribe  the  principle  of  the  fimpleft  pump 
which  is  now  in  ufe,  for  the  purpofe  of  giving 
the  ftudent  a  clear  i.lca  of  the  principal  parts  of 
that  exhaufting  engine,  and  ftiall  then  fubjoin  the 
defcription  of  an  improved  one  which  was  latelf 
contrived  and  executed  by  Mr.  H^as^   efpcciaJiy 

as 
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fes  that  conftrudtion   has  hot,   as  far  as  I  know, 

been  defcribed  in' any  other  publication*. 

Fig. 


•  The  air-pump  was  firft  invented  by  Otto  Gucricke,  a 
gentleman  of  Magdcburgh  in  Germany,  about  the  year 
1654.    (Schoctus.  Mechi  Hydraulico-Pneum«)    Soon  after, 
Guericke's    contrivance    was   imitated    and   greatly   im- 
proved, in  England,  by  the  celebrated  and  indefatigable  Mr. 
Boyle  (fee  his  works),  who  was  aififted  by  feveral  emihent 
perfonsi^  and  efpecially  by  Dr.  Hook,  a  gentleman  of  a  mo(t 
inventive  mechanical  genius.     But  the  want  of  (kill  in  the 
then  exifting  workmen,  and  the  deficiency  of  feveral  arti- 
cles, flill  rendered  the  air-pump  a  very  imperfeft  inftru- 
ment,    until  Mr.  Hawkeibee  produced  an  improved  and 
elegant  engine  of  that  fort,  which  has  been  copied  by  many 
artifts  here  and  elfewhere,  and  is  even  at  prefent  in  ufe 
amongft  philofophers.     (See  the  defcription  of  it  in  Dr. 
De(agulier*s  Philofophical  Works.)    Another  pump,  fome- 
.what  diflferent,  was  alfo  conftru£ied  by  Gravefande.    (See 
his  Courfe  of  Philofophy.)     But  a  very  capital  improve- 
ment of  the  air-pump  was  made  in  almoft  all  its  parts,  by 
the  late  famous  engineer,  Mr.  John  Smeaton  \  (fee  hi^  de- 
fcription in  the  47th  vol.  of  the  Philofophical  TranfadHons) ; 
and  a  wdl-made  pump  of  that  fort,  undoubtedly,  is  one  of  the 
bcfl  now  extant ;  yet,  after  the  interval  of  about  25  years^ 
this  c6nftru6Hon  was  followed  by  feveral  other  contrivances, 
fome  of  which  are  certainly  fuperior  to  it.     The  beft  of 
thofe  latter  contrivances  are,  a  pump  by  Mr*  Haas ;  (fee  its 
conftruftioh  in  the  73d  vol.  of  the  Philofophical  Tranlac- 
tions) ;  an  air-pump  by  Mr.  Prince  of  Bofton  in  America; 
(Encyclopedia  Britannica,  article  Pneumatics)  $   one  by 
Mn  Cutbbeitfpn,    an    eminent    philofophical-inftrumenC 
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Fig.  1 8.  of  Plate  XVI.  exhibits  the  fimpleft 
fort  of  air-pump,  AB  is  the  brafs  barrel,  which 
is  reprefented  as  being  tranfparent  for  the  purpofc 
-  of  (hewing  the  conftruftion  of  the  mtemal  parts. 
The  infide  of  the  barrel  is  as  perfedUy  cylindrical  as 
cpn  be  made,  and  very  fmooth.  The  barrel  is  open 
Zt  tQpk  or  if  furni(hed  with  a  coverj  that  cover  is 
gcirforated  for  the  paflage  of  the  rod  F  G»  and  of 
the  air.  This  bottom  B  of  the  barrel  is  accuracely 
clofed  by  a  flat ,  piece  of  brafs,  excepting  a  fmall 
hole,  which  pafles  through  the  (aid  piece,  and  com- 
municates with  the  cavity  of  the  glafs  receiver  D, 
which  is  cemented  into  the  piece  C,  and  out  of 
^vhich  the  air  is  to  be  pumped  The  fmall  hole  iik 
(be^  flat  bottom  of  the  barrel  i^  covered  by  a  flip  of 
oil-filk,  which  is  ftramed  over  it  ^  whence  it  appears^ 


maker,  at  prefent  in  London ;  (Encyclopaedia  Britannica, 
article  Pneumatics.)  A  very  good  improvement  of  the 
air-pump  was  made  in  France  by  M.  Lavoiiier,  and  other 
feientiiic  perfons,  which  rendered  that  engine  capable  of 
exhaufting  to  a  very  great  degree;  but  it  ;ia  fiud,  that 
that  con(tru£Uon  is  di£kuldy  executeS,  and  eafUy  put  out 
of  order. 

The  fixtb  vol.  of  the  Traniafiions  of  the  Royal  Irifli 
Academy  contains  the  deicripdon  of  an  air-pump^  contrived 
by  the  Rev.  James  X^ittle,  of  Lacicen,  in  the  county  of 
Mayo.  This  paper,  befides  the  particular  deicxiption  of  the 
inftrument,  contains  feveral  good  obfervatioDS  on  the  ge- 
neral  fubjed  of  air'^mps,  and  apparatus. 

;»  '  .that 
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that  air  may  pafs  fi-oiri  the  receiver  D^  into  the 
barrel ;  but  it  cannot  go  from  the  latter  inro  the 
former.  E  is  a  pifton,  viz.  a  folid  piece  of  brafs^ 
covered  over  with  leather  foked  in  oil,  or  other 
grcafy  matter,  which  fitting  the  cavity  of  the  barrel 
very  accurately,  may  be  moved  tip  or  down  all 
along  the  barrel^  by  means  of  the  rod  F  G,  without 
admitting  any  air  between  the  furface  of  the  barrel 
and  that  of  the  pifton.  But  there  is  a  hole,  indi* 
cated  by  the  dotted  lines  At  £,  which  pafles  through 
the  pifton,  and  has  its  upper  end  covered  with 
a  ftrained  flip  of  oil-filk,  fidnilar  to  the  valve  at  the 
bottom  B  of  the  cylinder.  The  valve  in  the  pifton 
permits  the  air's  paflage  from  E  to  G,  but  not  the 
contrary  way.  If  the  hand  be  applied  to  the  handle 
F,  and  the  pifton  be  moved  alternately  up  and 
down  the  cylinder,  the  veflcl  D  will  thereby  be 
gradually  exhaufted  of  air,  and  the  procefs  of  it  is  as 
follows : 

When  the  pifton  is  drawn  upwards,  the  fpace* 
between  the  lower  part  of  it  and  the  bottom  of  the 
cylinder  is  enlarged,  and  the  air  in  it  is  rarefied  i 
-whereas  the  air  in  the  receiver  D  is  denfer  than 
that ;  therefore  the  elafticity  or  expanGvc  property 
of  this  air  prefles  againft  the  lower  part  of  the  oil- 
iillc  at  the  bottom  of  the  cylinder,  more  than  the 
air  which  is  within  the  cylinder  prefles  upon  the 
upper  (ide  of  it ;  hence  part  of  the  dr  of  the  veflU 
D  paftes  into  the  barrel,  and  of  CQurfe  the  quantity 
of  air  in  D  is  diminiihed.    Then,  by  deprelllng 
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the  pifton,  the  quantity  of  air  which  is  between  it 
and  the  bottom  of  the  pifton  is  condenfed  j  hence 
it  preffes  againft  the  lower  fide  of  the  valve  G» 
more  than  the  atmofpheric  air  preflfes  on  the  upper 
fide  of  the  fame ;  therefore  the  greateft  part  of 
that  air  paflcs  through  that  valve  into  die  atmof- 
fphere.  When  the  pifton  is  drawn  upwards  the 
iecond  time,  the  like  effcft  takes  place,  and  the 
air  of  the  veflel  D  is  diminifhed  a  little  more*. 
Thus,  by  repeatinjg  the  movement  of  the  pifton, 
the  veflel  D  is  gradually  exhaufted  of  air  to  a  cer- 
tain degree,  which  is  the  utmoft  limit  of  the  pump's 
cxhaufting  power  \  and  that  degree  is  cxpreiTed  by 
the  proportion  which  the  air  that  laftly  remains 
in  the  veflel  D,  bear;5  to  that  which  was  at  firft 
in  it.  Thus,  if^he  remaining  air  is  one-tenth  part 
of  the  original  quantity,  the  pump  is  faid  to  have 
rarefied  the  air  ten  times  j  for,  in  fa6t,  the  re- 
maining quantity  of  air  in  D,  fills  up  ten  times 
the  ipace  which  it  occupied  before  the  ex- 
hauftion. 


•  It  will  be  eafily  comprehended,  that  if  the  valves  in  the 
pifton  and  at  the  bottom  of  the  barrel  could  be  opened  with 
the  utmoft  freedom,  the  quantity  of  air,  which  remained  in 
the  veffel  D,  after  every  ftroke  of  the  pifton,  would  be  to 
that  quantity  which  was  in  it,  previous  to  that  ftroke,  as  the 
capacity  of  the  veflel  D  is  to  the  fum  of  the  capacities  of 
that  veflel,  and  of  the  barrel. 

A  mor? 
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A  more  particular  examination  of  the  parts  as 
well  as  operations  of  this  pump,  will  paint  out  the 
powers,  the  dcfcd,  and  the  impiovcmjnts  of  air- 
pumps  in  general. 

As  the  capacity  of  the  barrel  is  generally  fmall  in 
proportion  to  that  of  the  veffcl,  out  of  which  the  air 
is  to  be  exhaufted  in  feveral  experiments,  the  exhauf- 
tion  will  proceed  but  llowly  j  therefore,  in  order 
to  expedite  the  operation,  pumps  have  been  made 
with  two  barrels,  which  are  moved  alternately  by 
means  of  a  wheel  with  a  handle,  and  racks  affixed 
to  the  rods  of  the  piftons.  Both  barrels  commu- 
nicate with  the  fame  receiver,  and  the  exhauftion 
goes  on  as  quick  again  as  when  one  barrel  is 
ufed. 

The  receiver  cem^ented  to  the  piece  B  C,  at  the 
bottom  of  the  barrel,  cannot  be  adapted  to  a  great 
variny  of  experiments  ;  therefore,  inftead  of  that, 
the  barrel  or  barrels  have  been  made  to  communi- 
cate with  the  fame  duct  which  opens  in  the  middle 
of  a  pretty  large  and  flat  metal  plate.  Then  a*glals 
receiver  of  any  required  fize,  within  certain  limits, 
is  placed  with  its  aperture  upon  that  plate,  and  is 
exhaufted,  &c, — In  order  to  prevent  the  admiffion 
of  air,  between  the  edge  of  the  receiver  and  the 
plate  of  the  pump,  it  was  formerly  ufed  to  inter* 
pofe  a  piece  of  wet  leather,  which,  however,  was 
found  to  be  prejudicial  on  feveral  accounts ;  hence 
the  leather  is  now  feldom  ufed  i  but  the  edges  of 
jhc  receiver,  as  alfo  the  furface  of  th^  plate,  are 

H  «  4  groun4 
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ground  fo  very  flat  and  foiooth^  that  when  the  re- 
ceiver is  placed  upon  the  pkte>  no  air  can  pafs 
through,  efpecially  if  the  kail  film  of  oil  be  inter- 
i>oiedj  or  be  placed  on  the  outfide  of  the  edge  of 
glais. 

Both  thofe  improvepnents,  viz.  the  double  barrel^ 
and  theplaccj  are  ieen  in  fig.  17.  Plate  XVI. 

By  infpefting  fig.  18.  Plate  XVI.  it  will  alfo 
be  eafily  underftood,  that  when  the  air  which  re^^ 
m^ins  withb  the  veflel  D.  is  fo  far  rarefied  as  not 
to  have  force  fufiicient  to  open  the  valve  at  the 
bottom  of  the  barrel,  then  the  pump  cannot  ex* 
hauft  the  veflel  any  farther.  This  eflfe£t  is  alfo 
partly  produced  by  the  air  which  remains  between 
the  pifton  and  the  bottom  of  the  barrel,  when  the 
pifton  is  down.  Now  in  order  to  ^void  thefe  in- 
conveniences, feveral  contrivances  have  been  made, 
and  it  is  tiie  different  nature  of  thofe  contrivances 
that  forms  the  variety  of  thofe  air«>pumps  which 
have  been  mentioned  above. 

Mr.  Haas's  lafl  air-pump  (for  this  is  not  the 
fame  as  was  contrived  by  the  fame  perfbn  fomc 
time  ago,  and  which  is  defcribed  in  the  73d  vol. 
of  the  Philofophical  Tran&dions)  is  ihewn  in 
Plate  XVI.  fig.  2.  and  5.  The  wooden  frame  of 
the  machine  is  fufficiendy  apparent  in  fig.  2.  There 
.  are  two  barrels  in  it,  which  by  turning  the  handle 

H,  round  the  axis  A,  about  one  vait^  and  a  half 

•I 

one   way,    and   then   as    much    the   other   way, 
arc  worked  alccrnately  y  for  within  thc^^oodcn  part 

'  BB, 
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BB}  there  is  on  the  axis  Aj  a  wheel  with  teeth, 
which  catch  into  the  teeth  of  the  racks,  whicl^  are 
affixed  to  the  rods  of  the  piftons. 

The  two  barrels  communicate  with  a  Common 
duft,  which  opens  in  the  middle  of  the  Plate  P. 
This  plate  is  firmly  fixed  upon  a  wooden  pillar 
that  proceeds  from  the  ftand  or  pedeftal  of  the 
machine.  O,  O,  at  the  lower  part  of  the  machine, 
are  two  vefTels  affixed  to  the  ends  of  the  barrels, 
and  their  office  is  to  receive  the  oil  which  gradually 
pai&s  fi-om  the  infide  of  each  barrel  through  the 
valve  at  the  bottom. ' 

Fig*  2.  is  one*eighth  of  the  real  fizei  and 
fig.  5.  which  exhibits  a  fedtion  of  one  of  the 
barrels,  is  one-fourth  of  the  real  fize. 

At  the  bottom  V  of  the  barrel,  there  is  a  valve 
which  opens  outwards,  viz.  the  air  may  be  forced 
frona  the  infide  of  the  barrel  into  the  atmofphere, 
but  cannot  go  the  contrary  way. 

The  form  of  the  pifton  is  pretty  well  indicated 
by  the  figure.  It  confifts  of  two  pieces  of  bra(a 
icrewed  together,  and  holding  between  them  cir- 
cular pieces  of  leather,  the  edges  of  which  rub 
againft  the  cavity  of  the  barrel.  There  is  a  valve 
in  the  pifton,  through  which  the  air  may  pais  from 
the  upper  part  of  the  barrel  into  the  lower,  but^ 
not  vice  verfa.  The  rod  of  the  pifton  is  quite 
fmooth  and  cylindrical;  it  pafies  through,  what  is 
<alled,  a  collar  of  leathers,  viz.  through  a  hole 
^pnade  in  many'pieces  of  leather,  which  are  contained 
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in  a  brafs  box  Z,  on  the  top  of  the  barrel* 
Several  holes  are  (een  towards  the  upper  pare  of 
the  barrel,  which  communicate  with  a  cavity,  in- 
dicated by  two  dark  lines,  that  nins  all  round  the 
upper  part  of  the  barrel,  and  communicates  with 
the  duft  D  of  communication  with  the  plate  of  the 
machine. 

When  the  pifton  is  drawn  upwards,  the  air  may 
pals,  though  not  very  freely,  from  the  upper  to 
the  lower  p!irt  of  the  barrel,  through  the  valve  in 
the  pfton  ;  but  when  the  pifton  is  raifed  (o  high, 
as  that  its  lower  furface  be  higher  than  the  above- 
mentioned  holes,  then  the  air  ftom  the  receiver, 
which  ftands  on  the  plate,  coming  through  the 
duft  D,  may  freely  pafs  into  the  barrel ;  for  in 
that  cafe  there  is  neither  valve  nor  any  thing  elfc 
that  obflrufts  its  paflage.  Then  on  depreflincy  the 
pifton,  the  air  which  has  entered  the  barrel  beina; 
comprefled  towards  the  lower  part  of  the  barrcf, 
will  be  forced  out  of  it  through  the  valve  at  V. 
It  is  oVing  to  the  freedom  with  which  the  air  can 
pafs  from  the  receiver  which  ftands  on  the  plate, 
into  the  banel,  that  this  .pump  rarifies  to  a  very 
Gonfiderablc  deprte. 


*  Thefc  leathers  as  well  as  thofe  of  the  pifton,  arc  well 
foked  in  \\o^\  lard  (fome  workmen  fokc  them  in  oil  unJ 
tallow).  The  Litter  fit  the  barrel  and  the  former  fit  the 
outfide  of  the  pifton  rod,  h  well  as  not  to  aljow  the  paflage 
of  i*sv  rir. 

It 
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It  will  appear  on  the  lead  rcfleilion,  that  no 
>ump  Can  poflibly  remove  all  the  air  from  any  re- 
el ver  ;  for  the  quantity  of  air  which  is  expelled  ar 
ach  ftroke  of  the  pifton,  is  only  a  portion  of 
?hart  was  in  the  receiver  previous  to  that  ftroke  i 
nd  therefore  a  much  greater  quantity  of  air  fimilar 
n  denfity  to  that  which  was  laft  expelled,  mull 
emain  in  die  receiver.  So  that  a  great  degree  of 
arefaftion,  but  not  a  complete  exhauftion,  is  all 
hat  can  be  expeded  from  the  beft  pump ;  whereas 
he  torricellian  vacuum  is  much  more  complete 
han  what  is  made  by  an  air-pump. 

When  a  pump  of  the  common  fort  rarefies  the 
ir  of  a  receiver  acp  or  160  times,,  it  may  be  con"- 
idered  as  a  very  good  inftrument  of  the  kind.  The 
ery  beft  pumps  now  extant,  will  rarefy  the  air  600 
r  even  800  times  j  but  I  am  unwilling  to  ftate  the 
cmoft  cffcft  of  thofe  conftru(flions ;  fincc  a .  very 
-ifling  difference  generally  produces  a  confiderable 
teration  in  the  refult.  The  pump  being  recently 
ut  together,  the  valves  being  more  or  lefs  ftrain- 
3,  the  want  of  a  due  quantity  o(  oil,  between  the 
loving  parts  of  the  engine,  and  various  odier  par- 
culars,  render  the  pump  more  or  lefs  capable  of 
ircfying  the  air  of  a  receiver;  and  generally  they 
irefy  to  a  great  degree  at  firft,  bOt  foon  lofe  that 
ower. 

The  various  methods  of  eftimating  the  quantity 
f  air  which  remains  in  the  receiver  after  a  certain 

aftion 
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a£tion  of  the  pump,  or  of  mcafuriog  the  rarefadion, 
will  be  (hewn  in  the  (equd. 

The  glafs  receivers  for  an  lur-ptimp  are  of  dill 
fcrent  fizes,  ae^'ording  to  the  nature  of  the  experi- 
ments. Some  of  them  are  open  at  top,  and  lo 
their  upper  aperture  there  is  ibmetinncs  applied  i 
flat  brafs  plate,  which  is  ground  very  fmooth,  or  i 
focket  is  cemented  \  to  which  plate  or  (bcket  varioo 
apparatufes  are  affixed. 

Sometimes  the  receivers  are  not  fet  inunediatelr 
on  the.  plate  of  the  pump,  bitt  they  are  fct  oo 
another  plate,  which  has  a  pipe  with  a  ftop-cod^, 
that  may  be  fcrewed  into  the  centre  of  the  principal 
plate  P.  With  this  apparatus  the  air  of  the  receiver 
may  be  rarefied  as  well  as  if  the  receiver  flood  upon 
the  principal  plate  \  and  when  that  is  done,  bf 
$urning  the  ftc^cock,  and  unfcrewing  it  from  tKe 
(Tiiddle  of  the  principal  plate,  that  receiver,  having 
the  air  rarefiedj,  may  be  removed  together  with  cbe 
finall  pbte,  and  leave  the  pump  ready  for  other  cc* 
periments.  This  auxiliary  plate,  with  its  pipe  and 
ftop-cock,  is  CQmmQ(ily  called  a  irmsfcrrtr.  See 
fig.  19.  Plate  XVI. 

Of  the  various  experiments  which  are  ufually 

performed  with  the  air-pump,  an^  which  arc  d^ 

fcribed  in  almoft  all  the  works  on  Natural  Pbi* 

lofophy,  I  fhall  briefly  defcribe  a  few  only,  as  tbcf 

will  be  quite  fufEcient  to  indicate  the  general  ipode 

pf  making  fuch  experiments* 

Place 
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Place  the  glafs  receiver  upon  the  plate  P  of 
the  punrip,  as  appears  at  fig.  2.  taking  care  that 
both  the  edge  of  the  receiver  and  the  plate,  be  quite 
clean>  and  fmearing  the  former  with  a  very  fmall 
quantity  of  oil ;  then  work  the  pump  by  turning  the 
.  handle  H  of  the  machine  alternately  as  far  as  it  will 
go  one  way,  and  as  far  as  it  will  go  the  other  way^ 
After  a  few  ftrokes  you  will  find,  upon  trial,  that  th^* 
glafs  receiver  adheres  very  firmly  to  the  plate ;  for 
as  the  air  is  partly  withdrawn  from  the  infide  of  the 
receiver,  the  preflure  of  the  atmofphere  on  the  out* 
fide  becomes  manifcft.  The  adheGon  of  the  re* 
ceiver  to  the  plate  increafes  in  proportion  as  you 
condoue  to  work  the  pump. 

There  is,  in  every  air-pump,  a  fcrcw-nut  on  the 
duft  of  communication  between  the  barrel  and  the 
receiver;  which  may  be  opened  occaGonally,  in 
order  to  let  the  external  air  enter  the  cavity  of  the 
receiver :  fo  that  if,  in  the  above-mentioned  cafe, 
this  fcrew-nut  be  opened,  the  air  will  rufh  in 
.  with  an  audible  noife;  in  confequence  of  whicl> 
the  adhefion  of  the  receiver  to  the  plate  will  be , 
removed. 

Under  fuch  a  receiver,  or  other  receivers  of  dif- 
ferent forms,  a  variety  of  things  may  be  placed, 
9Ik1  on  rarefying  the  air,  different  effects  will  talot 
\  but  in  defcribing  thofe  experiments,  it  will 
fiifficient  to  lay  that  certain  efFeds  are  produced 
%y  certain  fubftances  in  vactto^  or  in  the  exhaufted 
seceiver  ^  meaning  fuch  a  vacuum  as  may  be  pro- 
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duccd  by  the  air-pump  \  for  a  more  perfect 
vacuum '  is  always  denominated  the  iorricellian 
vacuum. 

An  exhaufled  receiver  does  not  appear  dIflFercnt 
from  what  it  does  before  'the  exhauftion.  Objcds 
may  be  fccn  in  it  and  through  it,  juft  as  well  in  one 
cafe  as  in  the  other. 

-  A  lighted  candle  placed  under  the  receiver  of 
ihe  pump  will  go  out  after  a  few  ftrokes  of  the 
pifton,  and  the  fmoke  will  be  fecn  to  defcend; 
there  being  not  air  enough  to  fupport  it. 

Animals  die  fooncr  or  later  in  the  receiver  of 
the  air-pump.  Infefts  die  Jateft  in  it,  viz.  after 
the  lapfe  of  fome  hours.  A  dog,  a  car,  a  rabbit,  a 
moufe,  a  bird,  &c.  begin  to  fhew  figns  of  un- 
eafincfs  after  a  few  ftrukes  of  the  pifton  ;  the  un- 
eafinefs,  the  quickening  of  the  refpiration,  and  the 
panting  for  Nvant  of  air,  increafe  gradually ;  vo- 
miting, bleeding  at  the  mouth  and  noftrils,  lofs  of 
ftrength,  and  fwclling  of  the  body,  fucceed  ;  but  2I! 
thofe  dlftgreeablc  fymptoms  laft  not  many  minures; 
for  death  foon  cJofcs  the  fccne.    . 

If  previous  to  their  death,  air  be  admitted  info 
the  receiver,  by  opening  the  fcrew-nut,  the  animals 
generally  revive,  provided  the  rarcfaftion  has  nof 
broken  any  vital  part. 

If  water  be  placed  in  a  glafs  under  the  receiver 
of  the  pump,  on  working  the  machine,*  the  warcr 
Vi'iii  at  firfl  appear  full  of  arr-bubbles,  then  thofe  air- 
bubbles  enlarge,  and  coming  out  of  the  water,  gi^^ 


it 


principal  Machines,  ^c.  479 

It  the  appearance  of  boiling.  By  rarefying  the 
air,  and  ofcourfe  removing  the.  preffure  of  the  at- 
mofpherc  from  the  furface  of  the  water,  the  air 
which  is  ufually  contained  in  it  is  expanded  in  vir- 
tue of  its  elafticity,  and  efcapes  from  the  water, 
which  efcape  gives  the  appearance  of  boiling  ;  for 
the  water  docs  not  acquire  any  heat  by  it. — The 
like  thing  happens  with  feveral  other  fluids.  If 
fifhes  be  contained  in  the  water,  the  rarefaftion  of 

■ 

the  air  kills  them,  and  breaks  their  air-bladders. 
Even  the  minute  infedts  that  arc  frequently  fcen  in 
vinegar,  are  deprived  of  life  if  the  vinegar  be  ex- 
pofed  to  the  exhauftion  of  the  air-pump. 

Shrivelled  fruit,  under  the  receiver,  are  generally 
fwelled  by  the  exhauflion,  and  appear  very  plump, 
whilft  they  remain  in  it, 

A  bladder,  containing  a  very  fljiall  quantity  of 
air,  and  having  its  neck  tied  up,  when  placed  under 
the  receiver,  will,  onexhaufting  the  receiver,  fwell 
up  and  appear  quite  full;  the  reafon  of  which  is, 
that  when  tl^c  preffure  of  the  atmofphere  is  re- 
moved from  the  outfide  of  the  bladder,  the  Internal 
air  expands  itfelf 

Fig.  4.  of  Plate  XVI.  reprefcnts  a  little  ma- 
chine confiding  of  two  little  fets  of  mill-fails,  a  and 
Ify  which  arc  of  equal  weights,  are  unconnecled 
iwith  each  other,  and  turn  with  equal  freedom  upon 
their  axes.  Each  fet  has  four  thin  fails,  fixed  into 
the  axis  ;  thofc  of  the  mill  a  have  their  planes  per- 
pendicular to  the  axis,  thofe  of.  ^  are  parallel  to 
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their  axis ;  in  confequence  of  which  when  the  mill 
a  tums  round  in  common  air,  it  i3  litt]c  refifted  by 
the  air,  whereas  th^  other  is  refifted  in  a  confi- 
derable  degree.  There  is  a  pin  in  each  axle  near 
the  middle  of  the  frame,  which  goes  quite  through 
the  axle,  ahd  ftands  out  a  little  on  each  fide  of  iCi 
upon  thefe  pins,  the  ffider  d  may  be  made  to  bear, 
and  fo  hinder  the  mills  from  going,  when  the  ftrong 
Ipring  €  is  fet  or  bent  againft  the  oppofite  ends  of 
die  pins. 

This  little  machine  ferves  to  fliew  the  rcfifbnce 
which  air  offers  to  the  motion  of  bodies,  which  re- 
fiftance  is  proportionate  to  the  furface  that  the  body 
prefents  direftly  before  the  air. 

For  this  purpofe  the  above-mentioned  little  nu- 
chine,  with  the  fprings  bent  and  fet  upon  the  axks, 
is  (ituated  upon  the  plate  of  the  pump,  and  a  re- 
ceiver, is  placed  upon  itj  but  this  receiver  muft 
have  a  fockct,  with  a  fet  or  collar  of  leathers,  ce- 
mented to  its  upper  aperture,  and  a  long  wire  muft 
pafs  through  a  hole  in  the  leathers,  like  the  rod  of 
the  piflon  in  fig.  5 ;  and  it  mufl  be  to  fituated  that 
the  wire  of  the  receiver  may  be  puffaed  down  ex- 
aftly  upon  the  flider  d^  and  difcharge  it  from  the 
pins ;  in  confequence  ^of  which  the  mills  being  im- 
pelled by  the  fpring,  will  be  caufed  to  turn  round. 
Now  if  this  operation  be  performed  when  the  re- 
ceiver is  full  of  air,  it  will  be  found  that  the  mill  a 
will  turn  round  much  longer  than  the  other,  for  it 
meets  with  Icfs  refiftance  i  but  if  the  fange  qperadon 

be 
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be  performed  when  the  receiver  is  exhaulled,  then 
ihe  mills  will  be  found  to  turn  for  a  much  longer 
time,  and  will  ftop  bodi  at  the  fame  time. 

The  like  thing  is  (hewn  by  the  defcent  of  heavy 
bodies.  There  is  a  fmall  apparatus  fitted  to  a  brafs 
plate,  which  is  to  be  fituated  on  the  upper  aperture 
of  a  tall  receiver.  See  fig.  7.  of  Plate  XVI.  It 
conflfts  of  wire  that  pafles  through  a  collar  of  lea- 
thers, and  has  an  hooked  termination.  There  is  alfo 
anotlier  wire  a,  which  has  a  moveable  flap  hinged 
to  its  lower  extremity.  The  flap  being  placed  ho- 
rizontally, may  be  rcfted  upon  the  hooked  pro- 
jcftion  of  the  central  wire  l> ;  then,  by  turning  the 
wire  ^  round  its  axis,  the  above-mentioned  flap  is 
dilcngaged  from  the  hooked  projeflion,  and  drops 
in  a  perpendicular  direftion. 

This  mechanifni  is  generally  called  the  guinea 
wd  feather  apparatus  ;  bccaufe  a  guinea  and  a  fca- 
hcr,  or  diffiTcnt  bodies  of  diflimilar  fpecific  gra- 
jfities,  are  ufually  placed  upon  the  above-mentioned 
Ibp  whilll  horizontal;  and  may  be  dropped  from 

by  turning  the  wire  b.     It  appears  that  a  guinea 

I  a  feather,  or  any  other  bodies,  will  arrive  ac 
;  bottom  of  the  vcfl*el,  or  will  flrikc  the  plate  of 
;  pump,  at  different  times  when  the  receiver  is 
^I  of  air;  but  precifcly  at  the  fame  time,  when 

:  receiver  is  cxhaufted  ;  in  that  cafe,  there  being 
bthing  in  the  receiver  to  refifl:  them,  and  their 
■avities  being  proportionate  to  their  quantities  of 
jhatter.     See  page  59  and  60  of  vol.  i. 

VOL.  1 1.  J  I  Place 
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Place  the  glals,  AB^  %  i.  Plate  XVI.  open  ac 
bptjji  endsj  vpoa  the  pUte  of  the  pump  over  the 
hole,  &c.,  and  place  your  hand  flsit  and  clofe  to 
the  upper  aperture  B  of  it.  Oa  exhaufting  that 
glafs^  you  wiJ|l  find  that  the  hand  is  prefied  with  a 
ijj^^ighc  which .  increafes  in  proportion  as  you  coiv- 
ppu^  I/O,  wpr](  the  pump,  and  the  adbefion  is  lo 
gr^at>  that  the  hand  cannot  be  reqioved^  unkls 
the  fcrew^out  he  opened,  sukI  the  m  kt  into  tha 

The  cups  which  are  ufcd  by  fupgeQ03  for  bleed- 
ing, are  often  applied  to  the  fieib,  by  oneans  of  an 
f  j^haufting  fyringe,  which  is  noithing  oiore  than  a 
finall  barrel  with  piftonand  v^vca,  exa6kly  like  the 
one  deA:ribed  in  page 4^8.  This  fyrioge  is  fcrewcd 
to  the  neck  of  the  cup,  whilft  tUc  pppofite  aiyi 
ipuch  larger  aperture  of  the  cup  is.  applied  to  the 
iurface  of  tlie  body,  &c. 

If  inftead  of  applying  the  palm  of  tbe  hand,  you 
tie  a  piece  of  bladder  over  tbe,  aperture  B  of  the 
ajbove-ttientioned  glafs,  on  working  the  pump,  which 
renaoves  the  prcflure  from  the  under  part  of  the 
piece  pf  bladder,  the  pripffure  on  the  external  part 
0/ it  vyi^l  become  very  manifeft;  for  the  bladder 
^ill  be  hollowed  by  it^  and  at  laft  it  will  be  broken 
lyith  confiderabic  noife.  '     , 

Fig.  3.  Place  XVI.  reprefents  a  brafs  machine, 

confiding  of  three  pieces>  A,  B,  C  ;  which  fervcs 

to  (hew  the  preflure  of  the  atmofpherc   in  a  vcrjr 

flriking  manner^    A  and.  B  are  two  hemifpherical 

.         •  cups, 
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cupsj  whichy  when  joined  together,  form  a  globe^ 
die  cavity  of  which  comipunicates  with  che  at- 
mofpherical  air>  through  the  pipe  E^  when  the 
(lop-cock  D  is  openj  ptherwife  it  is  abfolutely* 
dofed  *. 

Join  the  two  hemifpheres  i  fcrew  the  end  of  tht 

pipe  £»  into  the  centre  hole  of  the  place  of  the 

air*pump,  and  open  the  ftop-cock  D.     In  this  fi« 

tuation  work  the  pump  fo  as  to  exhaufl:  the  globe 

A  B ;  then  (hut  up  the  ftop-cock  D,  unfcrew  the 

pipe  E,  with  the  globe  from  the  pump,  and  fcrew 

the  piece  C  upon  the  pipe  E.    The  globes  now 

-being  exhaufted,  the  prefTure  of  the  atmofphere 

will  force   the  two  hemifpheres^  A  and  B,  very 

powerfully  ag^inft    each   other  $    fo   that  if  two 

fti^ong  men,    applying  their  hands,    one    at    the 

vpper  ring  Ai  and  the  other  at  the  lower  ring  d 

endeavour  to  feparate  them,  they  wilt  find  it  very 

difficult  i  for  if  the  diameter  of  the  hemifpheres  be 

ibur  inches,  there  will  be  required  a  force  equal 

10  little  kfs  than  zoo  pounds  to  pull  them  afunder« 

If  the  globe,  thus  exhaufted,  be  fuipended  by 

either  of  the  rings  to  an  hook  within  the  receive! 

of  an  lur-pump,.  and  that  receiver  be  exhaufted,  the 

m  *  m  Ml 

*  A  wet  leather,  having  a  hole  in  its  middle,  is  gene- 
rally placed  between  the  two  hemifpheres,  in  order  to  clofe 
the  aperture  more  effe^hially ;  but  when  they  are  well  made, 
and  their  edges  are  ground  properly,  a  little  oil  fmcaredover 
Ihe  edges  is  quit:  fuficient  for  the  purpofe, 
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tWo  hemiipheres  will  ftparate  immediately ;  tfievl^* 
ing,  in  a  moft  convincing  manilcrt  that  they  ac^ 
*  hered  to  each  other  merely  in  confequence  of  the 
preflurc  of  the  atmofphef e. ,% 

If  you  place  a  barometer  under  a  tall  glafs  re* 
ceiver  of  the  air-pump,  and  rarefy  the  arr  by  work- 
ing the  pumpj  you  will  find  that  the  qukrklilver 
defcends  gradually  in  the  tube  of  the  barometer  \ 
for  as  the  quickfilver  is  kept  up  in  the  barometer 
by  the  preflfure  of  the  atmofphere  on  the  fur&ce  of 
the  quickfilver  of  the  ciftem,  and  its  altitude  is 
proportionate  to  that  prefTure,  therefore,  according 
as  the  prefTure  is  dimihifhed,  fo  the  quicklihrer  de- 
fcends in  the  tube.     Now,  from  what  has  been 
Ihewn  above  in  chap.  VIIL  k  appears,  that  if  the 
preffure  upon  the  ciflem  of  the  barometer  be  re- 
duced to  one  half,  the  height  of  the  mercury  in 
the  tube  will  alfo  be  reduced  to  one  half;  if  that 
preiTure  be  reduced  to  one  quarter  of  its  original 
quantity,  then  the  altitude  of  the  mercury  in  the 
^ube  will  likewife  be  reduced  to  one  quarter  of  the 
original  altitude ;  in  ihort,  the  altitude  of  the  mer- 
cury in  tlie  tube  of  the  barometer  under  the  re- 
ceiver of  the  pump,   \%  an  exaft  meafure  of  the 
prefTure  on  the  ciftern,  or  of  the  quantity  of  elaftic 
fluid  that  remains  in  the  receiver,  or  of  the  elaf- 
ticity  of  that  fluid  \  for  the  latter  is  proportionate  to 
the  former.    Hence  the  barometer  becomes  a  very 
good  gage  of  the  power  of  the  air-pump,  or  of  the 
degree   of  rarefadion  \    for  the  altitude   of  the 
H  mercury 
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m^cury  in  its  tube,  is  to  the  altitude  of  the  fame 
at  any  period  of  the  rare&dion,  as  the  entire  ca- 
pacity of  the  receiver,  or  as  the  air  of  the  ufual 
denGcy,  is  to  the  denfity  or  quantity  of  the  air  in  the 
receiver  at  that  period  ;  fo  that  if  the  mercury  in 
the  barometer  flood  originally  at  30  inches  height, 
and,  after  working  the  pump  a  certain  time,  it 
ilands  at  the  altitude  of  one  inch,  the  conclufion  is^ 
that  the  air  within  the  receiver  has  been  rarefied  30 
times,  or  that  the  air  which  remains  in  the  receiver 
is  the  jOth  part  of  that  which  was  in  it  before  the 
working  of  the  pump,  fince  one  inch  isf  the  30th 
part  of  30  inches.  Thus  alfo,  if  the  mercury  in 
the  baromtecer  is  found  to  ftand  one  tenth  of  an  inch 
above  that  of  the  ciflern,  the  conclufion  is,  thkt  the 
air  has  been  rarefied  300  times,  &c. 

Upon  this  principle  three  gages  have  been  con- 
ftrufted,  viz,  ibe  Jhort  barometer  gage,  the  long  ba- 
rometer gage,  and  tbe  fypbon  gage* 

The  Ihort  barometer  gage  is  nothing  more  than 
the  lower  part  of  a  barometer,  viz.  a  tube  of  about 
8  or  9  inches  in  length,  filled  with  mercury,  and 
immerfed  with  its  aperture  into  a  fmall  quantity  of 
nuercury  contained  in  a  glafs  veflcl,  which  forms 
the  ciftern.  This  gage  is  cither  placed  under  the 
receiver  upon  the  principal  plate  of  the  pump,  or 
it  is  placed  under  a  feparate  fmall  receiver,  upon  a 
little  auxiliary  plate,  which  fome  air-pumps  have 
cxprefsly  for  that  purpofe,  as  in  fig.  17.  Plate  XVL 
It  is  evident  that  this  gage,  not  being  equal  to  a 
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whole  barometer,  will  not  (hew  the  very  fmall  dCf 
ip-cc  of  rarcfaftion ;  but  we  arc  feldotn  intcrcfted 
concerning  thofe  fmall  degrees,  and  in  general  this 
^gc  A'lll  bcg:n  co  (htrw  the  rarefadion  when  about 
Chrcc  quarters  of  .the  air  have  been  removed  from 
the  receiver,  ^\t.  when  the  air  has  been  rarefied  till 
.its  remaining  ehfticity  is  notable  to  fupport  that 
polumn  of  mercury.  This  gage  has  a  fcale  of 
inches  and  f>^rts  of  an  inch  affixed  to  the  tubf, 
which  (hews  the  precife  altiti^de  of  cbe  mercury 
rin  it. 

The  long  barometer  gage  is  a  tube  of  about  33 
inches  in  length,  open  at  both  ends,  having  its  lower 
tnd  immcrf^d  in  a  ciftern  of  quitklilver,  which  is 
fixed  on  the  pedellal,  or  lower  pare  of  the  frame  of 
the  pump  (for  the  tube  itfelf  reaches  from  that 
place  to  the  height  df  the  plate).  The  upper  aper- 
ture of  the  tube  communicates,  .by  means  of  a  brafs 
tube,  with  the  infidc  of  the  pump. 

This  in  fadl  is  an  empty  barometer,  which  is 
filled  with  quickfilver  by  withdrawing  the  air  from 
it  through  its  upper  aperture ;  and  if  the  pump 
could  produce  a  perfect  vacuum,  the  mercury  in 
this  long  gage  would  rife"  as  high  as  it  does  in  a 
common  barometer  j  but  as  the  pump  cannot  ci- 
baud  fo  far,  therefore  the  difference  of  altitude  be- 
tween ihe  mercury  of  the  long  gage,  and  that  of  a 
common  barometer,  (hews  the  quantity  of  air  that 
remains  in  the  receiver.  This  difference  of  alti- 
tude is  (hewn  by  a  fcale  of  inches  and  parts  of 

inches, 
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inches^  which  is  alwiays  affixed  to  the  long  baromc* 
tcr  gage.  As  the  altitude  of  the  mercury  in  a 
common  barometer,  is  to  the  contemporaneous  al- 
titude of  the  mercury  in  the  long  barometer  gage, 
fo  is  the  whole  quantity  of  air  which  was  in  the  re- 
ceiver before  the  rarefaftibn,  to  that  quantity  which 
has  been  drawn  out  of  it. 

,  The  fyphon'gage  is  nothing  more  than  the  (hort 
barometer  gage,  except  that  inftead  of  terminating 
in  a  litde  cittern,  in  this  gage  the  tube  is  bent  and 
rifes  upwards  with  its  aperture,  which  by  means  of 
a  brafs  tube  is  made  to  communicate  with  the  infide 
of  the  jDump  ;  fo  that  the  afcending  leg  of  the  tube 
performs  the  office  of  a  ciftern ;  hence,  in  rarefying 
the  air,  the  mercury  defcends  from  the  clofed  end 
of  the  tube,  and  rifes  into  the  afcending  Jeg ;  there- 
fore the  altitude  of  it  in  one  leg  above  its  altitude 
in  the  other  leg  (which  leg  in  faft  is  the  cfftern) 
ihcws  the  degree  of  rarefadlion,  and  this  altitude  is 
denoted  by  an  annexed  fcale  of  inches  and  parts  of 
inches.  Such  a  gage  is  partly  feen  at  g,  fig"'  2. 
Plate  XVI. 

The  above* mentioned  gages  evidently  indicate  t^ie 
dafticity  of  the  fluid,  which  remains  in  the  receiver 
of  the  pump  after  a  certain  degree  of  rarefadion '; 
and  it  is  imm.aterial  whether  that  claftic  fluid  be  air, 
or  vapour  of  water,  or  other  claftic  fluid  i  but  there 
is  another  gage,  which  from  its  fhape  vras  called,  the 
pear-gagey  by  its  inventor,  Mr.  Smeaton,  and  which 
(hews  (not  at  the  adual  time,  but  after  the  read- 
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miflion  of  air  into  the  receiver)  how  much  air  waa 
left  in  the  receiver  in  the  preceding  rarefaftion. 

The  pear«gage  confifts  of  a  glafs  veflcl  A,  fig.  6. 
Plate  XVI.  which  has  a  fmall  projeding  orifice  B, 
and  at  the  other  end  is  extended  into  a  tpbe  clofed 
at  D  $  the  capacity  of  this  tube  is  the  hundredth 
part  of  the  capacity  of  the  whole  veflfel.  This  gage 
is  fufpendedj  with  its  aperture  downwards,  to  the 
lower  end  of  a  flip -wire  (viz.-  a  wire  which  pafics 
through  a  collar  of  leathers)  within  a  glafs  re- 
ceiver of  the  pump,  and  exa6liy  under  it,  a  little 
cup,  containing  quickfilvec,  is  placed  upon  the  plate 
of  the  pump.  When  the  pump  has  been  worked 
to  the  intended  degree,  the  air  in  the  pear-gage  is 
evidently  rarefied  as  much  as  it  is  in  the  receiver. 
In  that  ftate,  by  lowering  the  flip-wirci  the  pcar-gagc 
is  let  down  till  its  aperture  B  has  reached  the  bot- 
tom of  the  mercury.  This  done,  the  external  air 
is  admitted  into  the  receiver ;  but  it  cannot  be  ad- 
mitted into  the  pear-gage,  becaufe  the  aperture  B 
of  that  gage  is  now  immerfed  in  the  quickfilver ;  but 
the  prefllirc  of  the  atmofphere  on  the  furface  of  the 
quickfilvcr,  forces  that  fluid  metal  into  the  pear-gage, 
and  fills  it  up  to  a  certain  degree  E  \  then  the 
upper  part  D  E  of  the  gage  will  contain  all  the 
air  or  vapour  which  occupied  tl^e  whole  cavity  of 
the  gage  during  the  rarefadlion.  There  is  a  divided 
fcalc  annexed  to  the  upper  part  D  E  of  the  gage, 
which  (hews  what  part  of  the  capacity  of  the  whole 
gage  is  filled  with  air,  and  of  courfc  it  manifefts 

the 
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the  degree  to  ^hich  the  rarefadion  of  the  air  bad 
been  carried.  For  inftancej  if  we  find  that  the 
part  D  £  of  the  gage,  whjch  is  filled  with  air  above 
the  quickfilverji  is  the  500th  part  of  the  whole,  wc 
may  conclude,  that  the  air  jn  the  receiver  had ^ea 
rarefied  500  times,  &c. 

But  a  very  confiderable  difitrence  mpft  be  re^ 
marked  between  the  indications  of  this,  and  of  thq 
preceding  gages* 

When  the  receiver  contains  no  other  Quid  belide^ 
^ir,  then  the  pear-gage  and  the  other  gage#  indicate 
the  fame  dt^gree  of  rarcfaftion  j  but  if  the  receiver 
contain  the  vapour  of  water,  or  of  other  liquor, 
then  the  pear-gage  will  indicate  a  much.greater  de^ 
gree  of  rareiaftion  than  the  other  gages ;  becaufe 
the  vapour  whicl>  has  clafticity  fufficient  to  fupply 
the  place  of  air  in  the  receiver,  oq  the  readmiOioa 
of  air,  is  eondenfed  into  a  (pace  vaftly  fmaller  than 
the  fame  quantity  of  rarefied  air  can  be  eondenfed 
into;  fo  th^t  the  pear-gage  (hews  the  quantity  of /lir 
alone  which  had  been  left  in  the  receiver ;  whereas 
the  other  gagcrs  (hew  the  quantity  of  elaftic  fluid 
which  is  actually  remaining  in  the  receiver. 

Fig.  16.  Plate  XVI.  reprefents  a  vefTel  proper 

for  weighing  air.     It  is  a  glafs  veflel  in  the  fhapc 

of  a  Florence  fiafk,  having  a  focket  of  brafs  with  a 

Hop-cock  cemented  on  its  neck.    The  aperture  A 

of  the  brafs  part  is  formed  into  a  fcrew,   which 

|its  the  fcrew  in  the  middle  of  the  plate  of  the 

pump. 

This 
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This  vcflcl,  being  fcrcwcd  on  the  pump,  and 
the  ftop-cock  B  being  opened,  is  exbaufted ;  then 
the  ftop-cock  is  turned  fo  as  to  fliut  up  the  aper- 
ture, the  veflfel  is  unfcrewed  from  the  pump,  and 
is  weighed  in  an  accurate  pair  of  fcales.  This  done, 
the  ftop-cock  B  is  opened,  and  the  air  is  admitted 
into  the  veflel,  which  is  then  weighed  again,  in 
which  ftate  it  will  be  found  to  weigh  more  than  it 
did  in  its  exhaufted  ftate.     The  diflfercncc  of  the 
two  weights  is  the  weight  of  a  quantity  of  air,  of  the 
aftual  dcfifity  of  the  atmofphere,  equal  in  bulk  tp 
the  capacity  of  the  veffel.    Yet,  fincc  no  air-pump 
produces  a  perfcft  vacuum,  the  above-mentioned 
veflel,  in  what  we  have  called  its  exhaufted  ftate, 
does  aftually  contain  a  fmall  quantity  of  air,  which 
renders  the  refiilt  inaccurate,    "But  this  inaccuracy 
may  ht  correfted  in  a  very  eafy  manner,  by  obfen'- 
ing  the  precife  degree  of  rarcfaftion,  as  indicated  by 
the  gage,  and  allowing  for  the  remaining  quantity 
of  air.     Thus,  for  inftancei  fuppofe  that  the  gage 
indicates  that  the  air  has  been  rarefied  80  times; 
therefore  the  air  which  remains  in  the  veflel,  is  the 
80th  part  of  its  whole  capacity.     In  this  ftate  let 
the  veflel  weigh  9000  grains,  and  when^  full  of  air, 
Jet  it  weigh  9160  grains,  the  difference  of  which 
weights  is  160  grains,  and  this  is  the  weight  of  a 
quantity  of  air  equal  to  |^Jths  of  the  capacity  of 
the  glafs;   therefore    the  160  grains^  muft  be  in- 
creafed  by  the  80th  part  of  that  number,  viz.  of 
%  grains,  then  the   fum^  whi<?h  is  162  grains,  is 

the 
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the  weight  of  a  quantity  of  aJr  equal  to  die  whole 
capacity  of  the  veflcl. 

If  inftead  of  weighing  common  air,  in  the  abore- 
menrioncd  vcffel,  ic  be  required  to  weigh  fomiJ  other 
fort  of  permanently  ciallic  fluid,  the  operation  muft 
proceed  as  above,  excepdng  that  before  the  ftop- 
cock  B  be  opened,  previotifly  to  the  fecond  weigh- 
ing, the  end  A  muft  be  fcrcwed  or  faftened  to  the 
neck  of  a  bladder,  or  other  receiver,  full  of  that 
other  fort  of  elaftic  flyid ;  fo  that  the  veflcl  may  be 
filled  with  it,  inftead  of  common  air.  \t  is  then 
weighed  again,  &c. 

Xbe  Condenjin^  Engine  ^ 

The  principle  of  the  condenfing  engine  will  be 
eafily  comprehended  s  for  if  in  the  exhaufting  en- 
gine, fig.  18.  Plate  XVL  the  valves  be  reverfed, 
viz.  the  valves  at  B,  and  at  G  in  the  pifton»  be 
turned  upflde  down,  that  engine  will  become  a 
condenflng  engines  fince  in  tliat  cafe,  when  the 
pifton  is  drawn  towards  A,  the  air  will  rufh  through 
the  valve  at  E,  into  the  barrel ;  and  when  afterwards 
the  pifton  is  puflied  downwards^  the  air  of  the 
barrel  will  be  pufhed  through  the  valve  at  B,  and 
will  be  condenfed  into  the  vcflcf  D.  Yet  an  ex- 
haufling  fyringc  is  made  in  a  manner  ftill  more 
fimple  J  fee  fig.  15.  of  Plate  XVI.  The  cylinder 
has  one  valve  at  its  lower  aperture  B^^  which  opens 

putwards; 
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outwards ;  the  piftoa  is  not  perforated,  but  folid  i 
and  there  is  a  hole  on  the  fide  of  the  barrel,  at  C. 
When  the  pifton  is  drawn  upwards,  a  vacuum  is 
formed  in  the  lower  part  of  the  barrel ;  biic  as  foon 
as  the  lower  part  of  the  pifton  is  ralfed  above  the 
|iole  Cy    the  air  rufhes  through   ihat    hole,   and 
fiUs  the  barrel,  then,  on  lowering  the  pidon,  the 
^ir  is  condenfed  into  the  lower  part  of  the  barrel^ 
and  is.  forced  out  at  B,  into  any  veflcl,   to  which 
that  end  of  the  fyringe  is  fcrewcd.     With  this  fy- 
finge  phe  air  is  condenfed  into  the  infidc  of  a  water 
fountain,  or  of  a  wind-gun,  which  ipftrumcnts  arc 
fo  commonly  dcfcribed  in  philofophical  works,  &c. 
that  they  need  npt  be  infer  ted  ir>  this  place.    But  for 
the  purpofe  of  performing  a  variety  of  philofophical 
experiments  in   condenfed   air,  fuch  a  fyringe  is 
adapted  t;o  a  frame  and  apparatus,  as  at  fig.  i. 
Plate  XVII.  and   this  apparatus  is  commonly  de- 
nominated a  condenfing  etigine. 

CD  is  a  brafs  condenfing  fyringe,  which,  when  by 
applying  the  hand  at  Z,  the  pifton  is  moved  alter- 
nately up  and  down,  forces  the  air  through  the  bra(s 
pipe-  D  N  F,  into  the  glaft  receiver  A  B.  This  re- 
ceiver  muft  be  very  thick,  and  well  annealed  :  it  is 
fet  with  its  fmooth  and  flat  edge  on  the  plate  of  the 
machine,  which  is  fimilar  to  the  plate  of  an  air- 
pump  J  a  thick  piece,  LM,  of  brafs,  is  applied  in  a 
fimilar  manner  to  the  upper  aperture  of  the  glafs 
receiver,  and  a  flip-wire  pafles  through  a  collar  of 
leathers  in  this  brafs  piece.     As  the  force  of  the 

condenfed 
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condcnfcd  air  would  lift  up  the  brafs  piccr,  L  M, 
from  over  tht  receiver,  or  lift  up  the  latter  from  the 
pkte,  (b  the  receiver  and  brafs  piece  are  kept  down 
by  the  crofs  piece  of  wood  G  H>  which  is  ^c5trfted 
by  means  of  the  fcrew-nuts  on  the  ftcady  pillars  I,  K, 
There  is  a  gage,  EF,  annexed  to  this  machine, 
which  indicates  the  condenfadon  of  the  air  within 
the  receiver  and  tube  of  communication.  It  con- 
fills  of  a  ftrong  and  narrow  glafi  tube  hermetically 
dofcd  at  E,  and  corinefted  with  the  braft  pipe 
of  communication  at  F.  A  fmall  quantity  of  quick- 
filvcr  fills  up  a  Ihort  part  of  the  cavity  about  the 
middle  of  the  tube,  and  the  fpace  between  the  mer- 
cury and  the  clofcd  end  E  of  the  tube,  contains  air 
of  the  ufual  denfity.  Now  when  the  air  is  condcnfcd 
in  the  receiver,  in  the  tube  of  communication^  &c.  the 
mercury  is  thereby  impelled  farther  towards  E,  and 
the  contraction  of  that  fpace,  which  is  fhewn  by  an 
annexed  fcale,  (hews  the  degree  of  cbndenfation ; 
for  inftance,  if  the  air  which  is  contained  in  that 
fpace  is,  by  the  condenfation,  forced  into  half  the 
ipace  it  occupied  before,  the  conclufion  is,  that  the 
air  within  the  receiver  i&  as  denfe  again  as  it  was 
previous  to  the  condenfation  j  and  this  is  generally 
cxprefled  by  faying,  that  then  the  receiver  does 
contain  two  atmofpheres  ;  if  the  air  at  E  be  con- 
traAcd  into  a  quarter  of  its  original  ^ace,  then  four 
atmofpheres  have  been  forced  into  the  receiver  ^ 
and  fo  on  *. 


*  The  condeniation  is  inverfely  as  the  fpace  occupied  by 
ite  air  at  the  extremity  £  of  the  gage. 

Certain 
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Certain  air-pumps,  as  that  of  Mr.  Smeaton,  and 
the  firft  \vhich  was  contrived  by  Mr.  Haas,  can  be 
made  CO  exhauft  or  to  condenfe  at  pkafure,  which 
is  dene  by  changing  the  communication  between 
the  cylinders  and  the  plate  of  the  pump ;  for  as  in 
thofe  pumps  the  air  is  rarefied  to;wards  one  end,  and 
is  condenfcd  towards,  the  other  end  of  each  barrel, 
the  machine  will  exhauft.  if  the  former  end  of  the 
barrel  bs  made  to  communicate  with  the  plate  of 
the  pump,  and  the  htter  with  the  atmofphere ;  but 
it  will  become  a  cond^nfcr,  if  the  latter  end  of  the 
barrel  be  made  to  communicate  with  the  hole  in 
the  centre  of  the  plate,  and  the  fomner  with  the 
atmofphere. 
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CHAPTER     XV: 


CONTAINING  THM  PRINCIPLES  OF  CHEMISTRY,  AND 
PARTICULARLY  THE  DESCRIPTION  OF  THE  PRIN- 
CIPAL OPERATIONS  AND  APPARATUS.  * 


/CHEMISTRY  is  the  fciencc  which  endeavours 
^^  tp  afccrtain  the  number,  the  quantities,  and 
the  properties,  of  the  conftituent  princi^Jes  of  all 
natural  bodies.  It  alfo  endeavours  to  form  new  or 
artificial  compounds. 

The  reparation  of  the  component  principles  of  a 
body  from  one  another,  is  called  andyfts.  The 
formation  of  compound  bodies  from  fimpler  fub- 
fiances,  is  CTiMtd^fyntbefis. 

Both  the  analyfis  and  the  fynthefis  are  per- 
formed by  means  of  certain  operations,  which  are 
therefore  called  chemical  operations,  or  chemical  pro^ 

ceffhs. 

It  has  been  faid  above,  page  19.  that  there  is  a 
mutual  attcaftion  between  the  parts  of  the  fame  fub- 
ftance,  which  is  called  attraftion  of  aggregation; 
and  that  there  is,  likewife^  a  mutual  attraftipn  be- 
tween the  heterogeneous  parts  of  different  .bodies, 
which,    when   it   is  merely  ruperficia]>   is  called 

attratlion 
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dttraSiioii  of  cobefion ;  but  it  is  caUed  aitra^ion  df 
affinity,  or  of  compofition,  when  it  produces  an  inter- 
mixture of  two  or  more  heterogeneous  fub- 
fta;ices>  and  ^  change  o^  Ibnle^  at  leall^  of  their 
properties. 

Now  it  muft  be  remarked,  that  the  affinity  of 
one  fuhftance  to  another,  differs  in  d^rec  accord- 
ing to  the  different  fubftances ;  and  it  is  upon  the 
difference  of  thofe  affinities  that  the  operations  of 
chemiftry  arc  eftablilhed ;  for  if  the  affinity  between 
two  bodies  were  equal  to  the  affinity  between  any 
twp  other  bodies,  chemiftry  could  not  cxift.  Thus 
for  inftance,  it  is  known  that  A  and  B  have  a 
certain  degree  of  attraftion  oraffinity  towards  each 
other ;  alfo,  that  there  is  a  greater  affinity  between 
A  and  C ;  and  a  much  greater  affinity  between  C 
and  D.  Now,  if  I  wifti  to  analize  a  certain  body, 
which  is  a  compound  of  A  and  B,  I  mix  that  body 
with  the  body  C,  in  confequence  of  which,  as  C 
has  a  greater  affinity  to  A  than  to  B,  the  given 
body  will  be  decompofed  ;  and  one  of  its  ingre- 
dients, VIZ.  A,  will  form  a  new  compound  with  C, 
whilft  the  other  ingredient  B  will  be  left  by  itfelf. 
Then  I  mix  the  new  compound  of  A  and  C,  with 
D,  in  confequence  of  which  this  new"  compound 
will  be  decompofed,  C  will  adhere  to"  D,  and  A 
will  be  left  by  icfelf.  Thus  I  obtain  A  and  B,  vi2. 
the  two  components  of  the  given  body,  in  a  feparatc 
ftate.  '^ 

The  attraftlon  of  aggregation  countcrafts,  or  is 

oppolitc 
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oppofitcto  die  attraiftion  of  affinity  j  for  the  weaker 
one  of  them  becomes,  the  greater  power  will  be 
gained  by  the  other. 

The  attraftion  of  affinity  afts  more  powerfully  in 
proportion  as  the  quantity  of  contafl  between  the 
different  bodies  is  increafcdi  hence  the  aftion  be- 
tween two  bodies  that  have  a  certain  affinity,  is  weak 
or  imperceptible  when  both  the  bodies  are  in  a  hard 
folid  ftate ;  it  becomes  ftronger  when  the  bodies 
are  foftened  by  means  of  heat,  (which  diminilhes 
■  the  attra^ion  of  aggregation)  or  when  they  are  pul- 
verized and  intermixed: — ftronger  ftill,  when  one 
of  the  bodies  is  in  a  fluid  ftate  j  and  it  will  become 
,  as  adive  as  pofTible,  when  both  the  bodies  are  in  a 
fluid  ftate.  Therefore,  in  order  to  decompofe,  or 
to  compofe,  different  bodies,  it  is  nccelTary  to  pul- 
verize, or  to  heat,  or  to  mix,  or,  in  fhort,  to 
perform  diverfe  operations  with  a  variety  of  ne- 
ceflary  inftriirncnts,  according  as  may  be  required 
by  the  nature  and  properties  of  the  different  arti- 
cles. Hence  the  whole  fubject  of  chemiftry  con- 
Cfts,  ift,  of  theart  of  performing  the  neceflary  ope- 
rations; and  2dly,  of  the  knowledge  of  the  princi- 
pal fafts,  which  have  been  afcertaincd  by  means  of 
Ithofc  operations.  The  fccond  of  thofe  objcds  is 
what  immediately  belongs  to  the  prcfent  part  of 
jthcfc  elements  of  natural  philofophy,  which  treats  of 
kfae  peculiar  properties  of  bodies  ;  we  ftiall  never- 
jhelefs  premife  a  competent  accoii.r  of  the  principal 
ftperations,  through  which  moft  of  the  peculiar  pro- 
r    VOL.  11.  r.  K  pertics 
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perties  of  bodies  have  been  afcertained)  and  by  the 
means  of  which  new  difcoveries  may  be  made. 

J'rituraUony  pulverization^  and  Uvif^ation,  (viz. 
the  rcduftion  of  folids  into  powcfcrs  of  different 
finenei^)  are  performed  by  means  of  the  hammer, 
fafps^  files,  graters,  mortars  and  peftles,  or  a  flat  ftone 
and  muUer,  Mod  of  thofe  tools,  viz.  the  hammer, 
mortars,  pedles,  (loncs  and  muller,  are  either  of 
wood,  or  metal,  or  glafs,  or  porcelain,  or  marble,  or 
agate,  &c«  according  to  the  hardnefs  and  other  pro* 
perties  of  the  articles  that  are  to  be  pulverized.  But 
thefe  mufl  be  cOnfidered  amongft  the  preliminarv 
operations;  for  they  only  alter  the  bulk,  and  not  ihc 
nature  of  the  articles  ;  fince  every  particle  of  a  pul- 
verized body  is  a  fmall  whole  of  that  body ;  whereas 
the  real  chemical  operations  deftroy.  the  aggregation 
of  bodies,  fcparate  their  conftituent  principles,  form 
new  compounds,  and  alter  fome  of,  if  not  all,  their 
properties. 

The  reparation  of  the  finer  parts  of  bodies  from 
the  coarfer,  which  may  want  farther  pulverization, 
is  performed  by  means  of^ping,  or  wajbing. 

A  fteve,  for  fifcing,  generally  confifts  of  a  cylin- 
drical band  of  thin  wood,  or  metal,  having  acrofs 
its  middle  a  perforated  diaphragm  of  filk,  of  lea- 
ther, or  hair,  or  wire. 

Sieves  are  of  different  fizes  and  different  finencf?. 
Fig.  3.  of  Plate  XVII.  flicws  a  fieve  of  the  beil 
conllruftion.  It  confifts  of  three  parts,  A,B,C. 
The  middle  part  Bis  pr6perly  the  licve ;  D  is  the 
perforated  diaphragm,  through  which  the  powder 
'^  .  paifei 


Defcriptim  (ftbe  principal  Operations^  G?r.  499 

paflfcs ;  C  is  a  bottom  whicbc  may  be  put  on»  or 
taken  off,  the  lower  part  of  B,  and  fcrves  to  re- 
ceive the  powder  that  pafles  through  the  fieve  5  A 
is  a  top  or  lid,  which  is  placed  on  the  upper  part 
of  B,  and  ferves  to  prevent  the  falling  ofF,  or  the 
difldpation  into  the  air,  of  the  materials.  When  all 
the  three  parts  are  together,  the  Ihape  of  the  fieve 
is  as  in  fig.  7.  Plate  XVII. 

By  wafhing,  one  may  feparate  powders  of  an  uni- 
form finenefs  much  more  accurately  than  by  means 
of  the  fieve  J  but  it  can  only  be  ufed  for  fuch  fub- 
ftances  as  are  not  a&ed  upon  by  the  fluid  which 
is  ufed.  The  powdered  fubftancc  is  mixed  with, 
and  is  agitated  in,  water,  or  other  convenient  fluid ; 
the  liquor  is  allowed  to  fettle  for  a  few  moments, 
and  is  then  decanted  oflTj  the  cparfeft  powder  re- 
mains at  the  bottom  of  the  veflel,  and  the  finer 
paflTes  over  with  the  liquor.  By  repeated  dccanta  - 
tions  in  thi^  manner,  various  fediments  are  obuined 
of  different  degrees  of  finenefs  \  the  laft,  or  that 
which  remains  longeft  fufpended  in  the  liquor,  be- 
ing the  fineft. 

Filtration  is  a  finer  fpecies  of  fifting.  It  is  fifting 
through  the  pores  of  paper,  or  flannel,  or  fine 
linen,  or  fand,  or  pounded  glafs*  or  porous  ftones, 
and  the  likci  but  it  is  ufrd  onjgj&r  feparating 
fluids  from  folid  or  groffifli  parfl|||ti,  that  may 
happen  to  be  fiifpcnded  in  d>cm,  and  to^  cbcmically 
combined  with  the  fluids.  Thus  fak  water  cannot 
be  deprived  of  its  l#lt  by  filtration  i  but  muddy 

K  K  a  water 
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^9Xtt  may.  No  folidj  even  in  tke  form  of  pow- 
der,  will  pals  through  the  above-mentioned  filter- 
ing fubftances  $  hence,  it  water  or  other  fluid,  con- 
taining fand,  infefts,  mud,  &c.  be  placed  in  a 
bag,  or  hollow  vcffcl,  made  of  any  of  thofe  fub- 
ftances, the  &nd,  &c.  will  remain  upon  the  filter, 
and  the  liquor  will  pafs  clear  through  the  filter^  and 
may  be  received  in  a  vcflcl  placed  under  it*. 

Uxiviation  is  the  feparadon  by  means  of  water, 
er  other  0uid,  of  fuch  fubftances  as  are  foluble  in 
that  fluid,  from  other  fubftances  which  arc  not 
foluble  in  It.  Thus,  if  a  ccruin  mineral  confift 
of  (ait  and  fluid,  or  fait  and  clay,  &c«  the  given 


^  Filtering  p6^;>er  is  paper  without  iize.  For  this  pur- 
pofe  the  pie^e  of  paper  is  fliapcd  into  the  form  of  a  cone, 
and  is  placed  into  a  funnel,  in  order  to  fupport  it,  otberwifc, 
iK^ben  wet,  it  would  eafily  break. 

Filtering  ftones  and  filtering  bafons,  either  natural  or 
artificial,  for  the  purpofe'  of  purifymg  water,-  are  not  un- 
frequently  ufed  in  this  and  other  countries.  Rocky  moun- 
tains, beds  of 'fand,  gravel,  &c.  are  natural  filters. 

The  compofition  for  making  filtering  bafons  for  purifying 
water,  confifls  of  equal  parts  of  tobacco-pipe  day,  and  coarib 
fea,  river,  drift,  or  pit  fand.  The  bafons  are  formed  and 
turned  on  a  potter's  wheel.  They  (hould  be  about  :|  of  an 
inch  thick.  When  the  vci&ts  are  of  the  ufual  degree  of 
drynefs,  the  whole  outfide  and  infide  furface  muft  be  fluvcd 
or  turned  off  on  a  potter's  wheel ;  and,  when  perfedUy  dry, 
thofe  bafons  are  burnt  or  baked  in  a  potter's  kiln  after  the 

uiual  naimer, 
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body  being  broken  into  powder,  is  placed  in  water, 
which  wiU  diflblve  the  fal^  and  keep  it  fufpended, 
whilft  the  earthy  matter  falls  to  the  bottom  of  the 
veiSrl,  and,  by  means  of  decantation,  may  be  fe- 
parated  from  the  fluid.  If  the  lalt,  or  other  fub« 
ftance,  which  is  diflblved  in  the  fluid,  be  required 
to  be  ieparated  from  it,  then  recourfe  muft  be 
had  to 

Evifporationj  which  (eparates  a  fluid  from  a  folid, 
or  a  more  volatile  fluid  from  another  which  is  lefi^ 
volatile. 

Simple  Evaporation^  properly  Ipeaking,  is  ufed 
when  the  more  volatile  or .  fluid  (ubftance  is  noc 
to  be  preferved  5  and,  in  that  ^afe,  the  evaporation 
is  performed  in  veflels  of  wood  or  glafs,  or  por* 
celain  or  metal,  &c.  which  are  either  (imply  ex« 
pofed  to  the  air,  or  are  placed  upon  a  firCj  more 
or  lefs  adive,  according  to  the  nature  of  the  fub- 
ftances. 

When  the  fluid,  which  is  evaporated,  muft  be 
preierved,  then  the  operatu>n  is  called  diftillaiion% 
and  is  to  be  performed  in  other  veflels,  which  art 
called  retorts^  akmbics^  ftills^  &c.  made  either  of 
glafs,  or  porcelain,  or  metal,  &c. 

The  ofEce  of  thofe  veflels  is  to  condenfe  die  va* 
pour  into  a  liquid  form,  and  to  convey  it  into  a  re-» 
cipien^  The  evaporation  is  performed  by  means  of 
heat ;— the  condenfation  by  means  of  cold  \  there- 
fore  the  body  of  any  of  thofe  veflekb  which  receives 
the  materials^  mufl:  be  jplaced  upOn  a  fire»  or  hot 
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place  5  but  that  part  of  the  vdfcl  which  condcnfcs 
the  vapour,  and  is  hence  called  the  refrigeratory^ 
muft  be  rendered  fufficiehdy  cool  for  the  pur- 
pofe; 

Fig.  a,  Plate  XVII.  rcprefents  a  retort.  In 
this  diftilling  inftrument,  the  materials  are  placed 
in  the  body  E  A  F,  and  die  bottom  A  is  placed 
iipon  the  fire*.  The  vapours  which  rife  from  die 
materials  at  EF,  pafs  through  the  tube  EBC, 
which  beir/g  at  fome  diftanpe  from  the  fire,  and 
therefore  cooler,  condenfes  the  vapour  into  liquid 
drops,  which,  on  account  of  the  inclination  of  die 
tube  B  C,  run  down  into  the  redpient  D,  which  is 
adapted  to  the  neck  of  the  retort  f.  Thus  the  folid 
part  of  the  materials  in  E  A  F  remains  in  the  re- 
tort, and  the  fluid  part  paffcs  over  into  the  re- 
ceiver. 


*  In  order  to  prevent  its  breaking,  the  bottom  of  the 
retort  is  generally  covered  with  fome  adhefive  fubftance, 
which  can  ftand  the  fire,  fuch  as  clay,  a  mixture  of  lime  and 
clay,  &c.  this  is  called  luting  the  retort  -,  or  the  retort  is 
placed  in  a  bafon  of  fand  or  water,  and  this  bafon  is  thea 
placed  immediately  upon  the  fire. 

t  The  receiver  muft  not,  in  moft  cafes,  be  clofed  very 
accurately  upon  the  neck  of  the  retort;  for  that  may  occa- 
fion  the  burfting  of  the  inftrumentj  but  when  that  accurate 
clofing  is  practicable,  it  may  be  accomplifhed  by  the  appli- 
cation of  -wtt  paper,  or  wet  rags,  or  a  mixture  of  wax  2nd 
turpentine,  or  a  mixture  of  whitening  and  oil,  &c« 

This 
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•  This  infirument  is  ufcd  when  t)ic  quantity  of  ma- 
teria is  fmall;  and  the  vapours  may  eafily  be 
condenlcd;  otherwife  an  alembic^  fucb  as  fig.  4. 
Piatc  XVII.  is  ufed.  This  inftrumcnt  confifts  of 
cwo  parts.  A  B  is  the  body  which  receives  the 
materials.  AC  is  the  capital,  which  is  joined  clofe 
to  the  body.  The  upper  pstrt  of  the  capital  is 
formed  into  a  bafon  Cj  in  which  cold  water  is 
placed,  which  condenfes  the  vapour  in  thd  cavity  f, 
fo  that  the  drops  of  liquor  fall  in  the  grove  0^  0, 
and  come  out  of  the  tube  D  into  the  recipient.  In 
diftilleries  and  other  large  works,  the  capital  has  not 
the  bafon  or  refrigeratory  C 1  biit  the  tube  D  is 
made  very  long^  and  is  fhaped  into  a  fcrew-like 
formj  called  a  wirm,  which  is  placed  into  a  tub  of 
water^  and  has  its  aperture  out  on  one  fide  of  the 
tub.  Then  that  worm  and  tub  forms  the  refri-^ 
gcratory. 

When  the  materials  which  are  evaporated  in  the 
body  of  the  diftilling  veflels,  concrete  not  in  a  fluid 
but  in  a  folid  form,  within  the  neck  of  the 'retort 
or  tube,  &c.  then  that  diftillation  is  more  properly 
Q^lltd/uilimatian. 

By  the  above  means  one  fluid  may  be  feparated 

from  other  materials ;  but  it  often  happeris  that  in 

difl:illation   feveral  fluids  are  produced,  fome  of 

which  are  permanently  elaftic,^  and  all  or  moft  of 

them  may  be  required  to  be  preferved.    In  this 

cafe,    another  fort  of  apparatus  muft  be  ufed, 

which  is  called 

K  K  4  Tbi 
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92v  Apparatus  for  Pntumaifhchamcal  DiftilliUiims. 
See  fig.  5.  Plate  XVII.  A  is  a  tubulated  reto^t^ 
adapted  to  the  recipient  B,  which  has  two  necks. 
To  the  upper  neck  of  this  recipient  is  fitted  a  bent 
cube  C  D  £,  whofe  other  extremity  reaches  as  bx 
as  very  near  the  bottom  of  the  recipient  G.  This 
recipient  has  three  necks  a^  3>  c^  into  the  (irft  of 
which  the  end  of  the  tube  D  E  is  fitted  1  into  the 
fecond^  b^  an  open  tube^  which  reaches  very  near 
the  bottom  of  Gj  is  fitted ;  and  to  the  laft  neck,  r, 
a  crooked  tube  is  adapted,  which  opens  and  dif- 
charges  the  elaftic  fiuid  ipto  a  proper  receiver. 
Sometimes  two  or  three,  or  more»  veflels,  like  G, 
are  interpofed ;  viz.  inftead  of  the  crooked  tube  F, 
a  tube,  like  C  D  E,  is  adaj^tcd  to  the  veflel  G,  and 
to  the  next  which  is  fimilar  to  it,  and  fo  on ;  then 
the  crooked  tube  F  is  applied  to  the  laft  neck  of  the 
laft  of  thofc  veffels. 

When  this  apparatus  is  properly  conneftcd,  the 
materials  are  put  into  the  retort  through  the  hole 
O,  and  a  proper  degree  of  heat  is  applied  to  the 
bottom  of  the  retort;  then  the  produAs  will  be 
colle6tcd  in  different  parts,  viz.  what  is  fiiblimed, 
or  concreted,  in  a  compafl:  form,  adheres  to  the 
neck  of  the  retort  j  the  fluid  of  eafieft  condenfation 
is  coUedled  into  the  receiver  B;  the  elaftic  vapours, 


•  When  the  retort  has  a  hole  and  ftopple,  as  at  O,  which 
is  ufeful  for  introducing  or  ftirring  the  materials ;  it  is  then 

called  a  tubulated  retort* 

which 
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which  are  condenlable  in  water,  will  be  combined 
with  the  diftilled  water,  which  muft  be  placed  at  die 
bottom  of  the  veflel  G,  and  tho(e  which  are  not 
fufcepdble  of  being  thus  ablbrbed,  pa(s  through 
the  tube  F  into  a  proper  receiver,  or  they  may  be 
made  to  pafs  through  other  fucceflive  veflels  fimilar 
to  G,  in  which  fuch  other  fluid  may  be  placed, 
as  may  be  capable  of  abforbing  one  or  more  of 
the  permanently  elaftic  fluids.  The  tube  H  fcrves 
to  admit  fome  atmofpheric  air,  in  cafe  the  water  in 
G  (hould  abforb  the  produced  elaftic  fluid  too 
quickly. 

In  certain  cafes  of  mixtures,  the  produce  is 
merely  an  elaftic  fluid,  which  is  required  to  be 
collected.  For  this  purpolc,  the  veflel  reprcfented 
in  fig.  6.  Plate  XVI I.  is  very  ufcful.  It  confifts 
of  a  body  A,  to  which  a  perforated  ftopple,  with 
the  crooked  tube  C,  is  adapted.  The  materials 
are  placed  in  A,  and  the  elaftic  fluid  which  is 
generated,  pafles  through  BCD,  into  a  proper 
receiver. 

Such  receiver,  and  the  reft  of  the  apparatus 
proper  for  receiving,  mcafuring,  mixing,  and  per* 
forming  other  operations  on  permanently  elaftic 
fluids^  is  delineated  in  fig.  8.  Plate  XVII. 
ABCDE  is  a  wooden  trough,  having  a  fliclf 
F,  G,  and  filled^  with  water  as  high  as  about  an 
inch  or  two  above  the  (helf.  There  are  feveral 
glafi  jarj,  or  receivers,  as  H,  I,  K,  L,  which  ferve 
for  retaining,  niixing,  meafuring,  and  otherwife 
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i^fing  the  permanently  elaftic  fluids.  Thofe  jars  arc 
firft  filled  with  water  in  the  trough,  then  they  arc 
turned  upfide  down,  and  being  lifted  up  gently,  fo 
as  not  to  elevate  their  aperture  above  the  water, 
they  are  placed  upon  the  (belf^  as  reprefented  at  G. 
Then  if  a  vcflcl  full  of  air  be  placed  with  its  aper- 
ture downwards  into  the  water  of  the  trough,  and 
there  it  be  turned  upfide  down,  juft  under  one  of  the 
jars  full  of  water,  the  air  or  permanently  claftic 
fluid  being  the  lighter  fluid  of  the  two,  will  afcend 
into  the  latter  veflcl,  and  all  or  part  of  the  water  will 
come  out  of  it,  according  to  the  (quantity  of  air  in- 
troduced. 

For  the  purpofe  of  rendering  this  operation  more 
commodious,  fome  holes  are  feen  in  the  fbeifj 
which  are  the  apertures  or  apexes  of  as  many  in- 
verted funnels,  or  litde  domes  dug. out  of  the  thick- 
ncfs  of  the  fhclf ;  fo  that  when  a  vefTel  full  of  air  is 
inverted  under  one  of  thofe  holes,  whereupon  a  jar 
full  of  water  is  placed  as  at  G,  the  air  will  come 
out  of  the  former  veffcl,  and  palling  through  the 
hole  in  the  flidf,  will  enter  the  latter  veflcl. 

At  F  there  is  reprefented  a  jar  which  receives 
the  air  that  is  generated  from  the  materials  in  tlic 
phial  M,  fimilar  to  the  phial,  fig.  6.  There  the 
phial  is  reprefented  as  heated  by  the  flame  of  a 
caridle,  which  in  feveral  experiments  muft  be  done, 
in  order  to  affift  the  extrication  of  the  elaftic  fluid. 
This  fluid  is  conveyed  through  the  crooked  tube, 
and  is  difchargcd  under  one  of  the  holes  of  the  Iheif 

through 
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through  which  it  palTes  into  the  receiver  I,  and  in 
proportion  as  the  elaftic  fluid  afcends  under  the  form 
of  bubbles,  the  water  fubfides. 

A  fmall  glafs  vefTel  L,  capable  of  containing  about 
an  ounce  meafure,  is  ufed  tas  a  mearfure  of  a  per^ 
manently  elaftic  fluid  ;  for  if  this  phial  be  fuc- 
ceflTivdy  filled  and  inverted  under  a  large  jar,  we 
may  thereby  throw  into  that  jar  any  required 
quantity  of  an  elaftic  fluid,  or  as  many  meafurcs  of 
one  elaftic  fluid,  and  as  many  of  another,  as  we 
pleafe. 

When  a  glafs  jar  is  partly  filled  with  an  elaftic 
fluid,  we  may  meafure  the  quantity  of  that  fluid  by 
meafuring  the  diameter  and  altitude,,  or  the  capa-  ' 
city  of  that  part  of  the  veflcl,  in  the  ufual  geome- 
trical way  of  gauging  veflTels,     But  for  the  fake  of 
greater  expedition  and  accuracy,  the  contents  of  a 
veflfel  arc  fometimes  marked  on  the  outfide  of  it. 
Thus  the  tube,  or  narrow  veflTcl,  K,  is  marked  on 
the  outfide,  fliewing  the  fpace  which  is  occupied 
by  each  fucceflive  meafure  of  air,  fuch  as  is  con- 
tained in  the  meafuring  phial  L.     Such  a  veflfel  as 
K  is  moftly  employed  for  examining  the  purity  of 
common  or  refpirablc  air.  >  This  is  done  by  mix- 
ing a  certain  quantity,  as  a  meafure  or  two,  of  re-> 
Ipirable  air, '  with  a  certain  quantity  of  another 
permanently  elaftic  fluid,  or  of  fome  other  fub- 
ftance  capable  of  occafioning  a  din^iinution  of  the 
bulk  of  the  elaftic  fluid,  and  then  meafiiring  the  di*    \ 
minution  i  for  the  purity  of  the  refpirable  fluid  is 

proportionate 
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proportionate  to  that  diminution.  The  parts  of  a 
sneafure  are  ibmetimes  marked  vpon  the  tube  K 
itfelf,  and  at  other  times  are  afcertained  by  the  ex- 
lernal  and  occafional  application  of  a  divided  fcale. 
The  tube  K,  or  in  general  any  fuch  veSel  as  is 
ufed  for  afccrtaining  the  purity  of  relpiraUe  air^  is 
called  an  Eudiomefer, 

It  is  fometimes  required  to  remove  an  inverted 
jat*  with  its  contents  from  the  (helf  of  the  trough : 
this  is  done  by  the  ule  of  a  (hallow  pan  or  dilh, 
which  is  immergcd  in  the  water  of  the  trough,  and 
die  jar  is  flipped  in  it ;  then  the  whole  may  be  re- 
moved and  placed  wherever  it  may  be  conveniem, 
as  at  P.  In  this  cafe  the  (hallow  pan  performs  die 
office  of  a  fmall  trough  -,  and  for  fuch  purpofes  fe- 
vera}  xlilh^s  or  pans  of  different  fi^es  fliould  be  had 
in  readinels. 

Some  elaftic  fluids  are  inflammable^  and  in  order 
to  try  their  inflammability  a  fmall  phial  may  be 
filled  with  any  of  them,  and  after  having  ftopped 
its  aperture  with  a  finger,  it  may  be  removed  from 
the  water;  then  being  brought  with  its  aperture 
near  the  flame  of  a  candle,  the  finger  is  removedi 
and  the  eladic  fluid  will  take  fire,  as  may  be  clearlj 

0 

feen  in  the  dark,  and  even  in  the  day  lighc  Wheo 
the  quantity  is  not  very  fmall,  a  pretty  large  jar  i$ 
filled  with  it,  and  the  palm  of  the  hand  is  applid 
to  the  aperture  -,  in  that  fituation  the  jar  is  removfll 
from  the  water,  and  is  turned  with  the  aperture  up* 
wards.     Then  having  in  readinefs  a  twifted  wirt 

with 
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ii(^ith  a  bit  of  lighted  wax  taper  at  its  extremity,  the 
hand  b  removed,  and  the,  lighted  uper  is  dipjped  in 
the  veffirly  &c.  as  (hewn  at  Qi 

Some  of  the  permanendy  elaftic  fluids  arc  ab- 
forbed  by  water ;  therefore  they  cannot  be  confined 
by  water.  For  fuch  fluids,  it  becomes  neceflary  to 
ufe  a  trough  full  of  quickfilver ;  but  on  account 
of  the  price  and  weight  of  the  mercury,  a  much 
fmaller  trough  and  fmaller  glafs  vtCkk  mufl:  be 
ufed. 

The  folution  of  falts  in  water,  the  diflTolucion  of 
metallic  and  other  fubftances  in  difierent  menflrua, 
require  a  variety  of  veflels,  whofe  form,  viz.  whether 
open  or  clofe,  or  deep,  &c.  is  eafily  fuggcftcd  by 
the  nature  of  the  articles. 

When  a  fait  is  diflfolved  in  water  or  other  fluid, 
and  by  evaporation  the  fluid  is  driven  ofl^,  the  fait 
gradually  acquires  the  folid  form,  and  in  doing  this 
it  arranges  its  particles  in  a  particular  manner ;  as, 
for  inftance,  fome  falts  arrange  themfelves  under  the 
form  of  cubes,  other  under  the  form  of  globules, 
&c.  The  fame  thing  happens  with  fome  earthy 
particles,  and  feveral  other  fubftances.  Now  this 
ipontaiieous  regular  arrangement  is  called  ctyftali' 
zaiion  •• 

Vefllels,  generally  open,  but  fometimes  cloferji 
are  employed  for  fuch  cryftalizations ;  and  the  cryf- 


^■■aaifMaBte 


*  See  the  Abbe  Hauy's  Wprk  on  the  Scrufture  of 

Oyftab. 

ulization 
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talizadon  of  fome  fubftances  requires  a  certain 
temperature,  that  of  others  requires  an  higher,  or 
a  lower  temperature  $  hence  the  charged  veflels 
muil  be  placed  in  cool  placesj  &:c. 

The  fufion  of  metallic  fubftances  by  means  of 
heat,  requires  vcffels  fufficiently  ftrong  to  refift  the 
fire.  ThQfe  veficls  are  moftly,  if  not  always,  madt 
Qf  earthenware  or  porcelain,  or  a  mixture  of  clay 
and  powder  of  black-lead.  They  are  called  cruci- 
i/es,  and  their  more  ufual  ihapes  are  reprefented  at 
fig,  9.  Plate  XVII. 

Some  of  thofe  crucibles  have  covers  likewifc  of 
earthenware;  but  fometimes  the  fufed  metal  muft' 
be  expofed  to  a  current  of  air.  In  that  cafe  the 
proper  crucibles  are  ihallow  and  broad>  as  at  fig. 
10.  Plate  XVII.  Thefe  are  called  cuppeUy  and 
they  are  formed  either  of  calcined  bones,  mixed 
with  a  fmall  quantity  of  clay,  or  of  a  mixture  of 
clay  and  black-lead  powder.  But  the  cuppels 
muft  not  be  placed  in  a  clofe  furnace,  or  be  fur- 
rounded  by  coals  5  for  in  that  cafc'  the  required 
current  of  air  could  not  have  accefs  to  the  fufed 
metal.  They  are  therefore  placed  under  a  fort  of 
oven  of  earthenware,  which  is  called  a  mu£Ut  as 
reprefented  at  fig.  13.  Plate  XVII.  and  the  muffle, 
containing  the  cupples,  &c.  is  expofed  to  the  fire 
of  the  proper  furnace. 

The  various  degrees  of  heat,  which  are  requimi 
for  the  performance  of  chimical  operations,  viz. 
from  the  heat  of  a  fmall  wax  taper,  to  that  oii^ 

inol 
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iQoft  powerful  furnace,  render  a  variety  of  fire- 
places or  furnaces  neceflary  for  a  chexxiift.  Thole 
furnaces  are  either  open  at-  top,  or  they  are  co#> 
vered  with  what  is  called  a  dame^  and  have  a  chim- 
ney»  or  cube,  to  carry  off  the  heated  ah-,  fmoke,  &c. 
They  are  fometimes  fupplied  with  air  from  the 
natural  aftion  of  the  fire,  which  rarefies  the  air 
about  the  ignited  fuel,  and  the  rarefied  air  be- 
comingTpecifically  lighter,  afcends  into  the -chim- 
ney, and  other  colder,  and  confeciuendy  heavier, 
air,  is  forced  by  the  atmofphere  to  enter  at  the 
lower  part '  of  the  furnace.  Some  furnaces  are 
fupplied  with  air  by  means  of  bellows ;  and  thofc 
are  applied  for  forging  iron,  or  for  reducing  metals 
frqm  the  ore,  which  is  called  /melting,  &c. 
Hence  the  furnaces  derive  their  various  names, 
and  are  called  (imple,  or  open,  furnaces;  rever- 
berafory  furnaces ;  wind,  or  air,  furnaces ;  bla(t, 
or  bellows,  furnaces;   forges;   fmelting  furnaces. 

When  a  pan  full  offand,  or  of  water,  is  placed 
over  a  common  fumaccj  and  a  retort,  or  other 
vaflel,  is  placed  in  the  fand,  or  water;  that  mode 
of  applying  heat  is  called  a  Jimd  iaih,  or  ivaier 


*  The  particular  deicription  of  the  various  furnaces  nifty 

be  feen  in  a  variety  of  diemical  wciks:  Macquiar's  Dic- 

tioovy  of  Chemiflry,  and  Lavdfier's  Elem^  of  Chem.  are 

ibme  of  die  beft  for  tibis  purpofe. 

There 
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There  arc  fevcral  other  chemical  operations^  ex- 
preffions,  and  tools,  which  are  fo  obvious,  common^ 
or  fimple,  as  to  need  little  or  no  particular  explana- 
tion*   The  following  are  the  moft  remarkable. 

The  dry  way  of  performing  chemical  operations, 
is  when  ftrong  degrees  of  heat  are  uled,  and  the 
himidway  is  when  fluid  folvents,  and  at  nnoft  low 
degrees  of  heat,  are  ufcd. 

Combuftim  is  when  a  body  is  burned  with  die 
afliftance  of  refpirable  aijf.  Deflagraiton  b  when 
the  combuftion  is  attended  with  little  exploiions 
or  cracklings.  Detonation  is  a  pretty  loud  re- 
port. 

The  word  mixture  is  commonly  underftood ;  but 
the  mixing  of  bodies,  which  have  a  great  affinity  to 
each  other,  fcguires  a  variety  of  precautions ;  for 
fomctimcs  fuch  mixtures  are  attended  with  heat, 
ebullition,  cxplofions,  and  fuch  like  dangeroiB 
cfFeft*  They  muft,  according  to  the  nature  of 
the  macerials,  be  made  either  flowly,  or  fuddenly, 
m  open  veffels,  or  clofcd  phials  -,  they  muft  fome- 
times  be  affifted  by  agitation,  ftirring,  heating ;  and 
at  other  times  muft  be  left  undifturbed  j  but  the 
time  and  the  mode  of  adopting  any  one  or  more 
of  thofe  pardcular  applications,  muft  be  learned 
from  pra&ice,  and  from  a  competent  knowledge  of 
the  nature  of  the  ingredients. 

When  a  folid  fubftance  in  powder,  or  otherwifc, 
is  left  for  a  certain  time  in  a  fluid,  and  the  mixture  is 

kept 
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kept  cxpofed  to  a  flow  degree  of  heat  j  that  proccfs 
is  called  digefiion. 

When  z  fubftance,  which  has  an  affinity  to  an- 
other fubftance^  is  mixed  with  as  much  of  that 
other  fubftance,  as  its  affinity  will  enable  it  to  hold 
in  combination,  then  the  former  fubftance  is  faid 
to  ht  faturated^  or  the  ipixture  to  have  attained  the 
point  of  Jaturation.  If  the  mixture  contain  a 
greater  proportion  of  either  fubftance,  then  that' 
mixture  is  faid  to  contain  an  excefs  of,  or  to  be  fur- 
charged  with  that  other  fubftance.  The  fame  thing 
muft  be  underftood  of  the  compounds  of  more 
than  two  fubftances. 


V 0 L.  I r,  hi* 


BA^vA*     %^«         **«*•       «•«' 


OF    CHEMISTRY. 


THE  grand  principle  .of  all  chemical  pr 
which  enables  us  to  dccompofc  cert 
dies,  and  to  compound  others,  is  that  every  J 
has  a  urtavn  peculiar  affmitj  for  other  Jubjlani 
not  in  equal  degree. 

This  principle,  though  long  known,  cot 
however,  be  univerially  applied  to  explain 
variety  of  chemical  phenomena,  on  accoun 
uodifcovered  nature  of  feveral  powerful  ai 
nature,  alid  on  account  of  the  fuppofed  a 
others  which  have  no  real  exiflence. 

The  wrong  or  confufed  knowledge  rel 
heat,  fire,  air,  light,  &c.  rendered  a  va 
fa&s  abiblutcly  inexplicable  ;  certain  effc 
peared  to  be  contradiftory  j  fome  fecmcd 
nothing  to  4^  with  the  principle  of  affinit 
others  werc'explained  upon,  the  fuppofed  c 
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the  knowledge^  and  even  the  errors,  of  their  pre- 
decefibrs,  having  inveftigated,  with  infinite  labour 
and  ingenuity,  the  nature  of  thofe  powerful  natural 
agents,  haYe  found  reafon  to  explode  the  fuppofed 
cxifteixre  of  the  phlogifton,  and  hare  been  able  to 
form  a  theory,  which  is  incomparably  more  general, 
Icfs  comfrficated,  and  more  fatisfaAory,  than  any 
other  preceding  theory. 

This  theory  confiders  every  procefs,  which  pro- 
duces a  change  of  fome  or. of  all  the  properties 
of  the  bodies  in  a£tion,  as  depending  on  the  various 
cleftive  attractions  of  thofe  bodies,  or  of  their 
components  i  and,  in  -general,  the  refult  of  every 
fuch  procefs  is  the  dccompofition  of  certain  com- 
pound bodies,  and  the  formation  of  others. 

Not  only  the  mixtures  of  metallic  fubftances 
with  acids  or  alkalies ;  the  formation  of  foaps,  the 
formanon  of  compound  falts,  the  purification  of 
xnetab,  and  fuch  other  operations  as  are  performed 
in  chemical  laboratories;  but  whatever  compofi- 
tion  or  deconlpoficion,  with  change  of  prope/tiesj 
cakes  place  in  nature,  fuch  as  the  burning  of  com- 
buftible  bodies,  the  rufting  of  iron,  the  evaporation 
ofwatcfy  animal  refpiration,  the  growth  of  animal 
and  vegetable  bodies,  their  fermentations  and  putre-* 
factions,  &c.  have,  in  great  meafure,  been  proved 
to  depend,  (and,  by  analogy,  we  are  led  to  believe 
that  they  do  all  depend)  upon  the  cledlive  attradtions 
ipf  the  various  ingredients. 

A  few  examples  will  be  ncccflfary  to  illuftratc 
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this  dodritie :  but  thofe  will  be  found  in  the  next 
Chapter ;  for  in  this  we  muft  ftate  ibme  general  ob- 
iervations  on  the  nature  of  die  primitive  or  ele- 
menuiy  fubftances,  which  are  the  agents  in  all  lu- 
rural  and  chemical  proceflcs.  A  lift  of  thofe  fub- 
fiances  has  been  inferred  in  the  firft  volume  of  this 
work>  as  alio  in  the  prefent  volume,  pages  1 5  and 
i6»  to  which  the  reader  is  referred. 

The  light  which  is  perceived  by  our  eyes,  is  fup- 
pofed  to  be  the  eficd  of  a  peculiar  fluid,  which 
proceeds  from  the  fun,  a  candle,  a  fire,  or  other 
luminous  objcdl.  We  cannot  confine  it  in  veflcls, 
nor  can  we  weigh  it,  nor  meafure  its  quanncy,  ex- 
cepdng  in  feme  degree  by  companion,  viz.  of  two 
luminous  bodies,  we  may  detennine  which  is  the 
ftiofl  luminous.  But  light  ieenns  to  enter  into 
combination  with  certain  bodies,  and  by  that  com- 
bination* to  produce  particular  effefts  ;  for  inftancc, 
plants  that  are  kept  growing  in  the  dark,  lofe  their 
green  colour,  and  become  white  or  pale.  Plants 
which  grow  in  confined  places,  always  endeavour 
to  turn  their  tops  and  tender  branches  towards  the 
light;  — their  flavour,  their  vigour,  their  fragrance, 
are  much  greater  when  they  have  been  cxpofed  to 
much  light  in  the  courfc  of  their  vegetation,  than 
othcrwife.— There  are  likcwife  fcveral  other  effeds 
produced  by  light  in  various  chemical  procelfes. 

Caloric  is  fuppofed  to  be  a  peculiar  fluid,  whidi 
produces  in  us  the  lenfation  of  heat.  We  can 
neither  weigh  ir,  nor  confine  it  in  veffcls.    A  greater 

or 
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or'lefs  quantity  of  it  is  contained  in  bodies  of  every 
fort.  It  pafles  thfough  all  forts  of  bodies^  but 
eafier  through  fome>  fuch  a$  the  meuls^  than 
through  others,  fuch  as  charcoal,  wood,^  &c.  hence 
certain  bodies  are  faid  to  be  better  or  worfe  caniuc^ 
tors  of  heat  than  other  bodies. 

Caloric  enters  into  combination  with  various  fub- 
fiances;  viz.  it  poflefles  peculiar  afiinities;  and  wry 
ingenious  methods  have  been  difcovered  for  afcer^ 
taining  the  comparative  quantities  of  it,  which  are 
abforbed,  retained,  cr  difengaged  in  a  great  variety 
of  procefles.  As  a  mixture  of  two  fubftances  muft 
naturally  have  a  greater  bulk,  than  either  of  them 
fingly ;  (b  by  the  acceOion  of  caloric  a  body  is  en« 
larged  in  its  dimeiifions,  and,  of  courfe,  from  their 
being  placed  farther  from  each  other,  the  attraftion 
of  aggregation  between  the  conftituent  particles  of 
that  body  is  weakened  :  hence  every  body  is  ex- 
panded by  heat,  and  is  rendered  more  or  lefs  con- 
fiftent  by  the  accefiion  of  various  degrees  of  ca- 
loric. Amongfl:  thofe  various  degrees  of  confif- 
tency,  we  diftinguilh  three  principal  ftates,  viz. 
the  folid,  the  liquid,  and  the  aeriform  ftate« 
Thus  water,  according  as  more  and  more  caloric 
b  communicated  to  it,  aflumes,  grft  the  folid  ftate 
of  ice,  next  th^t  of  fluid  water,  and  then  the  aeri- 
form ftate,  or  what  is  called  vapour  •.     If  preflurej 

or 


^  It  is  not  unlikely  that  by  a  further  expanfion,  and  per- 
haps by  the  combination  with  the  eledlric,   or  other  fluid, 
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or  the  contaft  of  other  bodies^  w&ich  have  a  greater 
affinity  for  caloric,  come  into  cdntaft  with  a  fub- 
ftance  in  a  date  of  vapour,  that  fubftance  becomes 
a  liquid,  and  then  a  iblid^  harder  and  harder. 

Certain  bodies,  when  they  have  acquired  a  quan- 
tity of  caloric  fufficient  to  give  them  an  aerifona. 
(late,  hold  it  with  fo  much  force,  that  neither 
prefiure,  nor  the  contad  of  colder  bodies,  can  take 
it  away,  and  convert  them  into  a  liquid  s  in  that  cafe 
they  are  faid  to  bcpermanenily  ela/iic  fluids^  other  wife 
they  are  called  vapours. 

When  caloric  is  communicated  to  a  body,  that 
body  wiir  abfbrb  as  much  of  it  as  its  peculiar  aE* 
nity  will  enable  it  to  abforb,  and  the  reft  will  tend 
to  expand  itfelf  equally  through  all  the  furroundiog 
bodies*-«-The  former  portion  is  calfed  comhined  cd- 
Icric,  and  the  latter  has  been  cMtd  free  caloric^  be- 
caufe  its  tranfition  to  other  bodies  becomes  fenfiblc 
from  the  cffedts  it  produces  on  thofe  bodies ;  viz. 
thofe  other  bodies  are  expanded,  or  (bftcncd,  or  li- 
quified by  it.  This  rfFeft  of  expanding  bodies  fur- 
nifhes  the  beft  means  of  meafuring  heat  or  free  a- 
loricj  and  the  Thermometer  afts  upon  this  principle. 
The  quantity  of  combined  caloric  is  meafured  in 
the  fame  manner  as,  by  analyzing,  wc  feparate,  and 
meafure,  the  quantity  of  any  other  ingredient  i  vi/ 


the  yapour  of  water  may  become  more  permanently  elaftic, 

at  leafl  fo  as  not  to  be  condcnCable  into  fluid   water  merd/ 

by  mechanical  prcffuj-e,  or  cooHnc. 

6  ^  the 
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the  given  body  A  is  mixed  with  /bmc  orficr  body 
B,  that  has  a  greater  attraftioD,  or  affinity,  for  A, 
than  A  has  for  caloric  y  in  confcquence  of  which , 
that  latent,  or  conibined  caloric  of  A>  is  ieparated 
from  it,  and  becomes  free  caloric,  or  fonBble  heat ; 
and  its  quantity  may  be  meafored  from  the  efieA  it 
produces  on  theThermon>eter,  or  upon  other  con* 
tiguous  bodies. 

The  tUSric  fluid  feerns  to  be  another  remarkable 
agent  in  nature.  Its  aftion  feems  to  be  very  ex- 
tenfive.  It  has  no  perceivable  weight,  nor  can  we 
exhibit  it  by  itfelf.  It  pafles  more  or  lefs  freely 
through  certain  bodies,  and  not  at  a)l,  or  perhaps 
difficultly,  through  others*  Hence  th^  former  bo»^ 
dies  are  called  conduSlorSy  and  the  latter  noa-cdB^ 
duSlerSy  of  eleftricity.  It  is  developed  or  abforbed 
,  in  a  variety  of  natural  and  artificial  procefles:  hence 
it  feems  to  have  peculiar  afHnities ;  but  the  fa&s 
which  have  been  difcovered,  though  numerous,  da 
not  enable  us  to  form  any  di(tin£t  and  compire- 
henfive  notions  with  refpect  to  its  real  and  ge- 
neral agency. 

^e  magnetic  fluid  is  much  more  hypothetical, 
and  more  partial  in  its  sAIon,  than  any  cf  the 
former.  This  is  fuppofed  to  be  a  fluid  which,  ex- 
cepting in  very  few  cafes,  affefb  iron  alone,  or  fuch 
bodies  as  contain  iron,  and  produces  thofe  efFe<5ls . 
^  which  are  called  mdgneticy  and  which  are  all  redu- 
cible to  two,  viz.  to  an  attraction  (not  an  attradion 
of  affinity)  between  certain  parts  of  fcrrugineous 
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bodies^  and  to  a  repulfioii  between  certain  other 
parts  of  the  fame  bodies. — We  have  no  knowledge 
of  this  fluid  entering  into  combination  with  any 
body,  nor  of  its  producing  any  other  efFcft, 

Of  thofe  four  natural  agents,  viz.  heat,  light, 
eleflricity,  and  magnetifm,  particular  notice  will  be 
taken  in  the  next  volume.  What  has  been  already 
faid  concerning  their  nature,  is  fufEcicnt  to  illuftrate 
the  fubjed  of  the  remaining  pages  of  the  prefcnc 
volume. 

There  feem  to  be  only  three  principal  and  per- 
manently elaftic  fluids  in  nature,  each  of  which 
confifts  of  a  0mple  fubfl:ance  combined  with  caloric, 
and,  probablyVwith  light:— they  arc  called  oxygen  «>, 
hydrogen  gas,  and  azotic  gas,  or  nitrogen  gas  *  5  and 
their  bafes,  or  peculiar  conftituents,  independient  of 
the  caloric  and  light,  are  called  oxygen,  hydrogen, 
and  azote,  or  nitrogen.  But  there  are  feveral  other 
aerial  fluids,  fome  of  which  are  combinations  of  the 
above-mentioned  three,  with  other  fubftances.  The 
following  lift  contains  their  number,  their  names, 
and  the  ingredients  of  them  all,  befides  caloric  an4 
light. 

Oxygen  gas,  or  pure  vital  air. 

jitmq/pheric  air,  con (ifting  of  about  28  parts  of 


•  The  name  air  has  been  more  particularly  given  to  the 
rcfpirable  fluids ;  whereas  the  word  gas  is  a  more  general 
appellation  for  permanently  elaftic  fluids,  particularly  for 
thofe  of  a  fuftbcaring  quality. 

oxygen 
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oxygen  air,  and  7  a  of  azotic  gas. — Thole  two  fluids 
are  fit  for  refpiration,  andj  of  courie,  for  fupporting 
animal  lifei  all  the  reft  being  fufibcating,  and 
unfit. 

Azotic  gas. 

Nitrous  gas,  confifting  of  azote,  combined  with 
a  little  oxygen. 

Oxy^natfd  muriatic  gas,  confifting  of  muriatic 
acid)  ibrcharged  with  oxygen  and  deprived  of  water. 
This  is  the  only  aerial  fluid  which,  has  a  litde  colour^ 
viz.  a  greenifh-yellow  tinge.  All  the  others  are 
colourlefs. 

Carbomc  acid  gas,  confifting  of  carbon  diflblired 
in  oxygen.  This,  and  cfpecially  the  four  follpwing^ 
are  abforbible  in  great  quantities  by  water. 

Muriatic  acid  gas,  being  muriadc  acid  deprived 
of  its  fuperabundant  water. 

Suipffurous  acid  gas,  being  fulphuric  acid  that  has 
loft  part  of  its,  oxygen,  and  alfo  loft  its  fuperabun- 
dant water. 

Fluoric  add  gas,  being  fluoric  acid  deprived  of 
its  fuperabundant  water. 

Ammmacal  gas,  being  ammonia  (or  cauftic  vo* 
latile  alkali)  deprived  of  its  fuperabundant  water. 

Hydrogen  gas.  This  and  the  four  following,  are 
inflammable. 

Sulphurated  hydrogen  gas,  (or  hepatic  gas)  confift* 
ing  of  fulphur  diflfolved  in  hydrogen. 

Pho/phorated  hydrogen  gaSj  confifting  of  phof- 
phorus  diflblved  in  ][iydrogpa« 

Carlonated 
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C^bcnaial  byiregm  gajy  confifting  of  bydrogcn, 
ad  the  bafe  of  carbonic  acid  gas. 

thdregen  gas  of  tnarfieSt  coDfifting  of  hydrogca 
and  different  proportions  of  azote. 

.Thofe  are  the  principal  claflic  fluids^  or  thofe 
which  occur  more  commonly.  Mixtures  of  two 
or  more  of  them  arc  infinite  in  number ;  but  the 
ingredients  may  be  feparated  more  or  lefs  by  va- 
rious means,  and  thus  their  quantities  may  be  afccr- 
taincd.  Thofc  means  mud  be  derived  from  their 
peculiar  properties  j  for  inftancCj  if  a  mixt  elaftic 
fluid  be  agitated  m  water,  the  water  will  ablbrb 
that  which  is  of  a  faline  quality,  and  will  leave  the 
other  by  ttfelf.  Then  the  latter>  by  the  application 
of  a  lighted  candle,  will  ikew  whether  it  be  inflam* 
mable>  or  capable  of  afllfting  combuftienj  or  inca- 
pable of  ir,  &c. 

The  purity  of  the  atnrwfplierical  fluid,  which  is 
various  at  different  times  and  places,  is  tried  by  ex- 
pofing  to  a  determined  quantity  of  it,  fuch  fub- 
ftances  as  have  great  affinity  for  the  oxygen  part ; 
for  by  this  means  the  atmofpheric  air  is  decom- 
pofed>  the  oxygen  combines  with  the  other  fub- 
ftance,  and  the  azotic  gas  remains  by  itfelf  ^  and 
its  quantity  determines  the  purity  of  the  air,  or 
rather  the  ratio  of  azote  to  oxygen ;  for  the  air  may 
be  rendered  unfit  for  refpiration  by  the  fufpenfioo 
of  other  fubftances,  which  do  not  diminilh  the  pro- 
portion of  oxygen  in  it. 

Carbotty  or  the  carbonaceous  principle,    is  ptTf 

charcc'j', 
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charcoal,  and  feems  to  be  a  fimple  fubftance  \  for  it 
has  never  been  decompofed.  Itexifts  in  vegetables, 
as  alfo  in  animal  bodies,  and  may  be  feparated  from 
the  oily  and  volatile  principles  by  diftillation,  as  alfo 
from  thjc  falts,  by  wafliing  in  pure  water. 

Sulphur  feems  to  be  a  pure  fubftance.  It  exiits 
principally  amongft  minerals^  but  fome  of  it  alfo 
exifts  in  vegetable  and  animal  bodies. 

Pbo/pborus  cannot  be  decompofed,  and  of  courfc 
it  may  be  confidered  as  a  fimple  fubftancc. 

The  burning  of  phofphorous,  of  fulphur,  or  of 
carbon,  is  not  a  decompoiition  of  thofe  bodies^  but 
a  combination  of  thofe  bodies  with  oxygen^  which 
connbination  increafes  their  weight,  renders  them 
mifcible  with  v/ater^  and  gives  them  a  ftrong  four 
tafte  ;  viz.  they  become  the  phofphoric  acid,  thc/ul- 
pburic  ocUm  and  the  carbonic  acid ;  io  that  the 
acceflion  of  oxygen  turns  them  into  acids ;  and 
hence  the  oxygen  derives  its  name,  which,  from 
its  Greek  origin,  means  the  acidifying  principle.-^ 
The  heat  and  the  light  which  attend  the  com* 
buftion,  are  derived  from  the  oxygen  air  which  de- 
poHts  them,  when  it  lofes  its  aeriform  (late,  and 
combines  with  the  phofphorous,  or  the  fulphur,  or 
the  carbon. 

In  a  Gmilar  manner  oxygen  combines  with  a 
variety  of  other  fubftances,  which  combination  is 
called  oxidation  i  and  the  compounds,  according 
to  the  different  proportions  of  oxygen,  have  dif- 
ferent properties,  and  different  generic  names,  be- 
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fides  the  names  of  the  peculiar  radic»ls  with  which 
the  oxygen  is  combined*-. 

The  GomWnation  of  a  very  finall  quantity  of 
oxygen  conftitutes  what  are  called  oxides  ^  with  more 
oxygen  the  combinations  are  caHed  weak  acids-, 
.  with  a  quantity  ftill  greater  of  oxygen,  the  deno- 
minations are  made  to  terminate  in  mcsy  viz.  we 
fay  the  nitrous  acid^  tht/u^burotis  aeidj  &c.  When 
the  quantity  of  oxygen  is  as  much  as  will  com- 
pletely faturate  the  bafes,  the  appellations  termi- 
nate in  ic;  viz.  we  fey  the  nitric  acid,  the  fulfhffnc 
Mcidy  He  and;  laftly,  when  the  combinations  con- 
tdn  more  oxygen  than  is  neceflary  for  their  fatura- 
tron,  then  thofe  ftates  are  expreffed  by  annexing 
the  word  oxygenated  to  the  peculiar  name  of  rhc 
acid* 

AH  the  articles,  which  follow  pbofphorus  in  the 
lift  of  pages  1 5  and  1 6,  as  far  as  thp  xconic  radical^ 
are  capable  of  abforbing  oxygen  enough  to  give 
them  an  acid  tafle,  as  alfo  other  properties  peculiar 
to  acids;  hence  they  form  the  various  acids,  which 
derive  their  appellations  from  the  names  of  their 

peculiar  radicals  -f. 

The 

*  Some  of  thofe  radicals  (as  the  muriatic)  arc  oiJy 
rcckoiKd  fuch  from  analogy  ;  for  they  cannot  be  exhibitti 
in  an  unco»i^bincd  ftate,  Wktfulphur  and  pbofphorus^  whici 
are  the  radicals  of  the  fulphuric,  and  of  the  phofphoric, 
acids. 

i    The  acids  arc  generally  divided  into  miKera!^  vi-ctai'^> 

-'J 
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The  articles  of  the  lift,  &c.  which  follow  the 
iconic  radical,  and  as  far  as  gold,  are  called  metallic 

fubjlanses  : 

and  animaly  acids,  according  to  the  nature  of  their  radicals. 
Acids  in  general  have  a  four  tafte,  have  a  powerful  affinltj 
for  alkalies,  and  redden  certain  blue  vegetable  colours. 

The  mineral  acids  are  the  fulphuric  (formerly  called  the 
vitriclu)  acid,  the  nitric  add,  the  muriatic  acid  (formerly 
called  the  mariw  aad)^  the  carbonic  acid  ('formerly  called 
die  aerUd  acid^  ox  Juced  air)^  the  phoiphoric  acid,  which  is 
likewlfe  an  animal  acid,  it  beiag  found  amongQ  animal  mat- 
ters, as  well  as  among  minerals,  the  acid  of  borax,  the 
fluoric  acid,  the  arfenic  acid,  the  molybdic  acid,  the  tung- 
i^enic  acid,  and  the  cromic  acid.  Thcfe  laft  four  are  alfo 
called  miicUk  acids. 

Every  one  of  the  vegetable  acids  feems  to  have  a  com* 

pound  bafis,  coafiiling  of  carbon  and  hydrogen,  but  in  dif- 

iereat  proportions.     All  their  radicals  may  be  dccompofcd, 

but  they  cannot  be  compounded  from  Ampler  fubflaoces ; 

and  it  is  on  account  of  this  circumftance  that  they  are 

reckoned  amongft  the  primitive  fubftances.      They  are 

-Aftingui(hed  from  each  other  by  their  peculiar  affinities  for 

alkalies,  or  earths,  or  metallic  fubftances.     The  vegetable 

acids  are  the  acetic,  or  vinegar,  the  acid  of  tartar,  the  em- 

pyrettmatic  acid  of  tartar,  the  oxalic  or  add  of  forrel,  the 

acid  of  galls,  the  citric  or  lemon  acid,  the  m^ic  or  acid  of 

apples,  the  benzoic,  or  the  acid  of  the  flowers  of  benjamin, 

the  empyreumatic  acid  of  wood,  the  empyreumatic  acid  of 

fugar,  the  acid  of  camphor,  and  the  fuberic  or  acid  of 

cork. 

The  animal  acids,  excepting  the  phofphoric,  likewife 
icem  to  have  their  bafes  or  radicals  compounded  of  carbon, 

hydrogci;. 


jl6  Skeub  of  the  modem  Hfeory 

JiAjiMces:  diey  cannot  combine  with  as  much 
oxygen  as  the  preceding  radicals ;  hence  they  can 
only  form  oxides,  formerly  called  tnetaliic  calces  i 
yet  from  thol'e  we  muft  except  the  firft  four,  viz. 
arfeniCj  molibdenice,  &c.  which  can  combine  with 
fo  much  oxygen,  as  actually  to  acquire  fomc  e videoc 
acid  properties.  The  others  alfo  have  differcnc 
affinities  for  oxygen.  Thofe  which  come  firft  in 
the  lift,  have  a  greater  affinity  for  oxygen  than  thofc 
which  follow.  The  laft  four,  viz.  mercury,  filver, 
platina,  and  gold,  have  Icfs  affinity  for  oxygen  than 
any  of  the  reft;  for  the  oxides  of  thofe  metals  may 
be  deprived  o^  the  oxygen  i  that  is,  may  be  reduced 
into  their  (imple  or  metallic  ftates»  by  heat  alone ; 
whereas  the  oxides  of  the  other  metallic  fuhftances, 
cannot  be  deprived  of  then*  oxygen  by  heat  alonr, 
but  the  proccfs  muft  be  afflfted  by  the  contaft  of 


hydrogen,  phofphorus,  and  azote.  In  different  numbers  and 
different  proportions.  *"  The  animal  acids  are,  the  avid  d 
nailk,  the  acid  of  fugar  of  milk,  the  formic  or  acid  of  ariSi 
the  pruffic  acid,  viz.  the  colouring  matter  of  Pruf&an  blue, 
which  is  obtained  from  dried  blood,  hoofs,  &c.  the  i'^bacic 
or  acid  of  fat,  the  bombic  or  acid  of  filk-worms,  the  lacci: 
or  the  acid  of  waxy  matter,  and  the  zoonic,  or  the  acid  a- 
trailed  from  animal  matter  by  means  of  lime.  1'hofe  acul^ 
are  alfo  diftinguiflied  from  each  other  by  their  peculiar  a5- 
xiitics,  and  their  bafcs  or  radicals  may  be  decompouod;:>i 
but  cannot  be  compounded  from  fimpler  fubftaiiccs. 

fi;fnc 
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feme  other  fubJlances  which  has  a  greater  afiinity 

for  oxygen*. 

The 


*  The  metallic  fubftances  are  diftiagiHIhed  by  their  ab- 
folute  opacity,  great  fpectfic  gravity,  brIUiancy,  and  duSi- 
lity  ;  but  this  lift  property  is  very  imperfedlly  poflcfTcd  by 
all  thofe  which  precede  iron  in  the  lift,  and  which  are,  on  that 
account,  called  femj^fmtals^  All  the  metdlic  fubdsnces  be- 
come liquid  in  certain  peculiar  degrees  of  heat.  They  have 
different  rpecific  gravities,  (fee  the  table  of  Specific  Gravity 
in  page  75,  and  following),  difFercat  colours,  and  dillerent 
<Iegrees  of  du(SUitty ;  they  have  alfo  peculiar  affinities  for 
odier  iiibfiances.  We  (hall  briefly  fubjoin  a  few  of  their 
fnore  remarkable  charafleriftic  properties  ;  commenctng 
with  the  mod  perfeciL  of  the  metals,  and  which  has  the  leail 
affinity  for  oxygen. 

Geld  has  an  orange  or  rcddifh  yellow  colour;  is  the 
beavieil  metallic  fubftance,  platina  excepted  ;  it  melts  at 
about  5^37*  of  Fahrenheit's  Thermometer;  is  the  nwft 
perfetEi,  ductile,  tenacious,  and  unchangeable  of  all  the 
kno^n  metals.  Its  proper  fol vents  are  the  nitro-muriatic 
acid^  {aqua  rigia)^  and  the  oxy-muriatic  acid. 

Platina.  Its  colour  is  white ;  it  is  the  moft  ponderous 
metal.  By  itCblf  it  refifts  the  fire  of  ordinary  furnaces,  and 
can  only  be  fufed  by  means  of  powerful  burning  glafl'es,  or 
in  a  fire  urged  by  a  current  of  oxygen  air.  It  may  be  alloyed 
with  moft  metallic  fubQanccs,  and  in  that  ftate  may  be 
fiifed  with  much  greater  facility.  It  is  not  aiFeded  by  the 
action  of  the  atmo^here.  Its  proper  folvents  are  the  fame 
as  thofe  of  gold. 

Silver  has  a  pure  white  colour.  It  is  malleable  and 
very  ductile,  though  ix>t  quite fo  much  as  gold.     It  fuf^^s  at 
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The  fevcn  fubftanccs  which  follow  gold  in  the 
lift,  arc  called  earths^  or  earthy Jubfimces  \  viz.  JUica^ 

or 


about  4717*  of  Fahrenheit's  Thermometer.  It  may  be 
afloyed  with  feveral  metals.  It  is  diflblved  by  various  acids^ 
cfpecially  by  the  nitric. 

Mercury.  Its  colour  is  like  that  of  bright  polifhed 
filver.  It  is  the  heavieft  metallic  fubftance  next  to  gold  and 
phtina.  It  is  a  folid  in  a  temperature  under  the  72^  below 
fiiezing  water.  It  is  a  liquid  between  that  degree  and  60c* 
of  Fahrenheit's  Thermometer ;  but  above  that  degree  it 
becomes  a  vapour,  or  an  eladic  fluid.  The  nitric  acid  is  its 
bed  folvent. 

Copper  hsLS  a  browniih-red  colour  5  is  malleable,  flexible, 
and  dudile;  though  not  fo  much  as  filver.  It  melts  at 
4587*  of  Fahrenheit's  Thermometer.  Bj  expofure  to  tlic 
fire  it  changes  colour,  and  becomes  firft  blue,  then  yellow, 
and  laftly  violet.  It  gives  a  greenifh-blue  tinge  to  the  flame 
of  burning  coals.  It  is  diflToluble,  more  or  lefs,  in  mcft  of 
the  acids.  With  the  acetous  acid  it  forms  verdigris.  Copper 
may  be  united  to  moft  metallic  fubftances,  forming  various 
ufeful  compounds. 

Lead  has  a  blueifh  white  colour,  and  is  the  heavieft  meui, 
after  gold,  platina,  and  mercury.  It  melts  at  540**.  It> 
furface  is  readily  oxidated.  It  is  diflblved  by  moft  acids. 
Its  oxides  form  various  ufeful  colouring  pigments. 

Tin  comes  ncareft  to  the  colour  of  filver ;  but  its  furface 
is  foon  tarniflied.  It  is  very  du£lile,  flexible,  and  ^'hcn 
bent  crackles  in  a  peculiar  manner.  It  fufes  at  410%  and 
is  pretty  readily  oxidated.  It  is  diflblved  more  or  lefs  by 
moft  acids. 

Iron  is»  cf  a  pale,  fomcwhat  bluciCi-grey,  ccdour.   It  is  th; 
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or/2fr>  argil  or  alumine,  haryt  or  hariteSy  firmtiariy 

Umty 


moft  ufeful,  moft  abundant,  and  the  mofl  dlfFufed,  metal  in 
nature.  Iron  (excepting  a  few  equivocal  cafes)  is  the 
only  metal  fufceptible  of  magnetifm.  It  is  eafily  oxidate^, 
and  xKs  colour  changes  according  to  the  degree  of  oxygena- 
tion. It  is  found  Combined  with  a  variet]^  of  fubftanccs, 
from  Tome  of  which  it  cannot  be  feparated  without  very 
great  difficulty ;  hence  we  haye  iron  of  different  qualities 
and  of  different  fufibility.  Caft  iron  melts  at  about  I7977^ 
Its  union  wkh  carbon  Sottas  JleeL 

Zinc,  Its  colour  is  between  the  colour  of  fllver  and  that 
of  lead.  It  has  very  little  duflility.  It  fufes  as  foon  as  it 
becomes  red  hot,  (viz.  when  the  heat  is  about  loyo*)  then 
with  the  accefs  of  air  it  inflames  and  fublimes  in  white 
flocks  of  oxide,  called  pbibfophlcal  tuooly  or'  pomphoUx.  It 
unites  with  feveral  metals.     With  copper  it  forms  brafsn 

Antimony  is  a  whitilh  brilliant  femi-metal,  not  eafy  of 
fuHon,  but  when  fufed  it  emits  a  white  fiime  called  argentine 
fnwj^  orjlvwers  of  antimony.     The  ftate  in  which  this  femi- 
metal  is  generally  feen  in  commerce,  and  in  which  ftate  it 
is  improperly  called   antimony^    is  in    combination  with 
■  fulphur. 

Bifmuth  (otherwife  called  tln-glafs)  is  white,  with  a  (bade 
of  red  inclining  to  yellow.  By  means  of  the  hammer  it  may 
be  reduced  into  powder.  It  fufes  eafier  than  tin.  When 
expofed  to  a  ilrong  heat,  it  burns  with  a  b*ue  flame,  and 
fublimes  in  a  yellowifh  fmoke,  which  condenfes  and  forms 
the  powers  of  bifmuth.  The  nitric  acid  is  its  beft  folvent, 
Its  combinations  with  various  metallic  fubftances,  form 
pewter,  folders,  printer's  types,  &c. 

Cobalt  is  white,  inclining  to  bluifh  grey,  and,  ^hen  tar- 

nflhed)  to  red.    In  a  red  heat  it  is  malleable  to  a  certain  de- 

VOL.    lU  MM  ,  gfM; 
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lime,  magnefia,  jargoma  or  zirgofda  i  to  which  vr  c 

(hall 


gree;  and,  when  pure,  it  is  as  difficultly  fufed  as  iron.  It 
is  not.eafily  oxidated.  When  expofed  to  the  fire  in  con- 
jun^on  with  borax,  or  foda,  &c.  and  earthy  fubftanccs,  It 
tinges  them  blue.  Its  oxide,  fiifed  with  land  and  pot-afh, 
forms  a  blue  glals,  which,  when  finely  poundied,  is  calledy^tf^. 

Niciil^  in  its  pure  ftate,  has  a  greyifh  white  colour.  It 
is  magnetic  in  a  very  fmall  degree  \  hence  it  is  thought  to 
contain  iroiu  It  is  malleable  in  a  confiderable  degree,  and 
is  flowly  oxidated  in  a  ftrong  heat.  The  nitric  acid  is  its 
beft  folvent.  v 

Manganeje  is.of  a  greyifh  white  colour,  but  itisfoea/Uy 
oxidated,  as  to  be  readily  darkened  by  expofurc  to  the  air ; 
it  fidls  into  powder,  and  becomes  a  perfeA  oxide  of  a  dark 
brown  or  black  colour.  Indeed  it  is  in  that  ftate  that  we 
always  find  it.  This  oxide,  expofed.  to  a  pretty  ft.ont^  heat 
in  proper  veffels,  yields  a  very  great  quantity  of  oxvgcn 
air.  This  metallic  fubftancc  is  lefs  fufible  than  iron,  and 
unites,  by  fufion,  with  every  one  of  the  metals,  except 
•merciiry. 

Uranite  is  of  a  dark  ftcel  or  iron  grey  colour.  Nitrous 
acid  dlflblves  it ;  but  its  oxide  is  infoluble  in  alkalies,  which 
circumftance  diftinguifhes  it  from  the  oxide  of  tungilen, 
which  it  refembles  in  colour. 

Syhanite^  or  Tellurite^  is  of  a  dark  grey  colour,  inclining 
to  red.  It  has  a  confiderable  degree  of  dudlility  and  mal- 
leability; is  the  moft  fufible  metallic  body,  excepting  mer- 
cury. It  readily  unites  with  mercury  and  fiilphur.  It  i$ 
diflfoluble  in  nitrous  acid,  in  thefulphuric  acid,  and  in  nitro* 
muriatic  acid. 

Titaniu  is  imperfeflly  known.  Its  oxide,  which  was 
formerly  taken  for  a  redjhorl^  is  but  fparingly  found  united 

to 
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{hall  add  two  more  which  have  been  lately  difco- 

vcrcd 

! ,- , 

to  other  minerals,  and  from  certain  phenomena,  which  at. 
tend  its  diilblutions  and  precipitations,  it  appears  to  be  the 
oxide  of  a  new  metallic  fubftance,  to  whidi  the  name  of- 
titaniu  has  been  given  s  but  it  feems  that  it  was  never  foirly 
reduced  to  a  metallic  ftate. 

Chronu  has  a  whitiih  grey,  fhining,  appearance.  It  is 
obtained  from  a  mineral  called  Siberian  red  lead.  It  yields 
a  particular  acid,  of  a  ruby  red  colour,  which  /contains  two 
thirds  of  its  weight  of  oxygen. 

Tung/hn  is  fuppofed  to  be  the  oxide  of  a  particular  me- 
tallic fubftance ;  for  it  does  not  appear  to  have  ever  been 
(airiy  reduced  to  a  metallic  ftate.  It  is  of  a  fteel  grey 
colour,  very  hard  and  brittle.    It  affords  a  peculiar  acid. 

Molybdenite  is  a  fubftance  of  a  metallic  luftre,  which 
marks  paper  like  plumbago  {black  lead).  It  is  oxidated  in 
a  red  heat,  but  it  cannot  be  fufed  without  a  very  powerful 
fire.  Its  white  or  red  oxide  gives  evident  marks  of  acid 
properties. 

Arfenic  is  naturally  white^  inclining  to  blue;  but  it 
fpeedily  becomes  pale  yellow,  and  then  greyifli  black  by 
expofure  to  the  atmofpbere*  In  a  metallic  ftate  arfenic  is 
of  a  blackifh  grey  colour  1  it  is  brittle,  and  in  its  fradure 
refembles  fteeL  If  arfenic  be  placed  upon  burning  coals, 
it  burns  with  a  blueifb  white  flame,  and  is  volatilized  into 
a  white  oxide,  which  attaches  itfelf  to  the  chimney,  ,&c. 
By  this  means  arfenic  is  extradted  from  various  minerals 
with  which  it  is  found  combined.  This  oxide,  which  is ' 
fufible  in  water,  is  the  white  arfenic  of  commerce.  This  , 
Volatilized  oxide  has  a  fmell  refembling  that  of  garlic,  and 
is  exceedingly  dangerous  to  animals.  Arfenic  by  itfclf 
fufes  difficuldy,  but  by  fufion  it  may  be  united  to  moft 

M  M  2  mctak. 
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vered  in  finall  quanunes,  viz.  glucwe,  and  aguf- 

tme\ 

The 

-* ■ —     .1 . . .      .       ■      ■    -         -  ■  -  

meuls.  When  (aturated  with  oxygen,  it  conftitutes  an 
acid  which  may  exift  in  a  concrete  form,  but  it  readilj 
tttra^  moifture  from  the  atmofphere,  and  thereby  becomes 
a  fluid. 

^  The  earths  are  dry,  britde,  inodorous,'  uninflammable, 
and  fparingly  feluble  in  water. 

Silica  is  the  earth,  which  forms  the  principal  ingredient 
of  flints,  rock  cryftal,  and  feveral  gems.  It  is  rough,  and 
when  finely  pounded,  a  very  minute  quantity  of  it  may  be 
Jkept  difiblved  in  water.  The  only  acid  which  ads  upon 
h,  is  the  fluoric.  It  is  infufible  by  ttfelf ;  but  in  a  ftroi^ 
heat  the  fixed  alkalies  fiife  it  readily,  and  fi:>rm  glafs. 

j/rgil^  ot  pun  clsjy  otherwsfe. called  alttminey  (for  mik 
the  fiilphuric  acid  it  forms  alum)  in  its  pure  ftate  is  white, 
fmooth,  of  an  unduous  feel,  and  is  difFufible  in  water.' 
When  heated  it  diminifhes  in  bulk,  is  hardened,  and  is  ren- 
dered  indifFufible  in  water.  It  may  be  hardened  fo  as  to 
ftrikc  fire  with  fteel.  This  moft  ufeful  property  enables 
us  to  form  bricks,  pots,  and  a  variety  of  utenfils,  commonly 
known  under  the  name  of  earthen^ware* 

Barytj  or  Ponderous  Earthy  (from  its  confiderable  fpccifc 
gravity)  is  infufible  when  pure.  Cold  water  diflblvcs  a 
25th  part,  and  boiling  water  one  half,  of  its  weight.  It  is 
foluble  in  alcohol,  and  is  highly  poifonous.  See  les 
Annales  de  Chimie  XXI.  It  has  a  greater  affinity 
Ibr  muriatic  acid,  than  any  of  the  other  earths,  or  the 
alkalies. 

Strontiafty  when  pure,  is  not  fufible  in  the  fire,  but  it 
only  glitters  with  a  phofphoric  flame;  it  may  however  be 
fufed  in  conjunSion  with  moft  of  the  other  earths.    It  ij 

dilTolveJ 
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The  laft  three  articles  of  the  lift  are  called  alka^ 
Iresy  they  have  a  peculiar  tafte  as  well  as  other  pe- 
culiar properties.  Pot-afh  and  foda  are  called  J&c^i 
aJkalies,  becaufe  they  cannot  be  rendered  volatile 

by 


diflblved  readily  in  the  nitric  ^d  muriatic  acids ;  and  forms, 
by  the  addition  of  the  fulphuric  acid«  an  infoluble  precipitate* 
Limiy  when  pure,  is  called  quick  limey  or  pure  calcareous 
earth.  Is  infufible  by  itfelf,  but  it  may  be  ftifed  in  con* 
junSion  with  filica  and  argil.  Lime  is  purified  by^loog 
cxpofure  to  a  ftrong  heat,  by  which  means  it  becomes 
v^hite,  moderately  hard  and  brittle.  It  has  a  hot  burning 
tafte,  renders  violets  green,  and  corrodes  animal  and  vc*. 
getable  fubihuices.  By  the  application  of  water  it  becomes 
hot,  burSs,  and  becomes  fiaked  linuy  which,  when  mixed 
with  fand,  or  dry  mould,  S(c.  forms  the  mortar  commonly 

1 

ufed  for  building.  Slaked  lime  will  be  found  to  have  ab« 
forbed  287  grains  of  water  for  every  1000,  grains  of  its  ori- 
ginal weight.  Water  caimot  hold  in  folution  n\ore  than 
one  yoodth  part  of  its  weight  of  lime,  and  in  that  ffcate  it 
is  called  lime  water. 

Magnefia^  when  pure,  is  white  and  very  light.  It  com- 
bines with  all  the  acids.    It  is  infufible  by  itfelf. 

*Jarg9nia  is  a  peculiar  earth  obtained  from  two  gems ; 
viz.  the  jargon  and  the  hyacinth.  It  is  infoluble  in  water. 
In  hardnefs  and  roughnefs  it  refembles  fUica.  It  is  infufible 
by  itfclf.  It  unites  with  the  nitric,  the  carbonic,  and  the 
fulphuric,  acids. 

Gbicine  is  fuppofed  to  be  a  peculiar  earth  obtained  from 
two  gcmsi  viz.  the  My4  ^^  H^^  marina^  and  the 
emerald. 
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hj  means  of  heat  \  —  ammoniac  is  a  volaiile  al- 

'  kali''. 

But  it  mud  be  obferved.  that  the  alkalies  are 
placed  in  /the  lift  of  fimple  fubftances,  rather  be- 

.  caufe  they  form  a  particular  clafs  of  bodies^  which 
are  endued  with  remarkable  and  peculiar  proper- 
ties J  for  they  feem  to  be  compounds  of  Ampler 
fubftances.  Indeed,  the  ammoniac  has  been  proved 
to  conlift  of  807  parts  of  azote,  and  193  parts  of 
hydrogen  i  alfo  the  two  fixed  alkalies  are  ftrongl]^ 
fuipefted  of  being  formed  from  a  combination  of 
gzote  with  (bme  unknown  bafes. 

The  three  alkalies,  the  acids>  and  the  combina- 
tions, in  which  they  enter  in  fufficient  quantities, 
are  called  Jalts^  or  Jaline  fubftances ;  for  2iJaUne/uh'' 

fiancty  in  its  extended  chemical  fenfe,  means  a 
fubllance  that  has  fome  tafte,  and  is  foluble  in 
water. 

Thus  we  have  endeavoured  to  give  fbme  idea  of 
the  primitive,  or  elementary  fubftances  j    fuch  as 


Aguftine  is  fuppofed  to  be  a  peculiar  earth  obtained  from 
^  mineral  tha,t  refembles  the  beryl.  It  is  not  foluble  in 
\vater,  and  it  becomes  hard  in  the  fire. 

♦  Alkalies  have  an  acrid,  urinous  tafte  ;  change  the  ve- 
getable blue  colours  into  a  green ;  combine  with  acids,  and 
form  neutral  falts  \  viz.  falts  that  have  neither  the  proper- 
ties of  acids,  nor  of  alkalies.  As  the  alkalies  appear  to  be 
derived  principally  from  azote,  therefo^fc  a^ote  has  becniJla 
called  the  alhaligen  principle. 
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may  be  deemed  fufficient  for  a  ftudent  of  natural 
philolbphy.  A  full  account  of  their  properties, 
affinities,  combinations,  &c«  will  be  found  in  various 
recent  publications  written  profefledly  on  the  fubjedt 
of  chemiftry  *. 


*  See  Lavoi(ier*s  Elements  of  Chemiftry.  Jacquin's 
Elements  of  Chemiftry,  BrifTon's  Phyfical  Principles  of 
Chemiftry.  Fourcroy's  Chemiftry.  Qren's  Principles  of 
Modern  Chemiftry*  Lagrange^  Manual  of  a  C^uife  of 
Chemiftry;  and  feveral  pther  large  works:  to  vditch  voxf 
be  added,  a  very  ufeful  little  book ;  viz.  Parlfdnfim's  Che* 
mical  Pocket  Book)  or  Memoranda  Chcmica. 
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CHAPTER    XVIL 


OF   CHEMICAL   PROCESSES. 


IT  is  perhaps  fcarccly  fufpcfted  by  mod  of 
my  readers,  that  almofl:  ^very  phenomenon, 
which  takes  place  about  us,  and  which  is  attended 
^ith  fome  change  of  property  in  the  bodies  con- 
cerned, is  in  h£t  a  chemical  procefs ;  viz.  it  docs 
actually  depend  upon,  and  is  regulated  by>  the  laws 
of  affinity.  Heating,  cooling,  fires,  and  every  fort 
ofcombuftion;  our  refpiration,  our  digeftion,  the 
formation,  decompofition,  and  fecretion,  of  the 
various  animal  fluids;  evaporations,  diflblutions, 
and  fermentations  ;  the  operations  carried  on  in  the 
various  arts  of  dyeing,  bleaching,  tanning,  &c.  are 
all  depending  on  the  various  affinities  of  bodies. 
Infinite  is  the  number  and  the  variety  of  the  parti- 
cular procefTes ;  and  even  the  account  of  a  feleft 
number  of  them,  is  what  fills  up  many  large  and 
learned  works.  In  thcfe  elements  we  can  only  at- 
tempt to  dcfcribe  the  moft  remarkable  of  thofe  pro- 
cefles ;  viz.  fuch  as  are  more  general  or  more  in- 
terefting,  and  which  may  not  only  elucidate  the 
general   theory  of  chcmiftry,   but  mfly   alfo  aflift 

the 
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the  reader  in  the  inveftigation  of  other  pheno* 
mena  *. 

CombuftioHy  in  its  modern  enlarged  fenfe^  pieans 
every  operation  in  which  oxygen  air  is  decompofcd, 
its  radical ;  viz.  the  oxygen^  is  abforbed,  and  its 
other  two  components,  caloric  and  light,  are  fee 
ajt  liberty,  or  enter  into  other  combinations.  There- 
fore refpiration,  the  oxydation  of  metallic  bodies, 
and,  in  (hort,  the  oxidatbn  of  all  other  fubftances, 
are  different  degrees  of  combuftion.  T  hofe  bodies, 
which  have  fo  much  affinity  for  oxygen,  as  to  be 
able  to  decompofe  oxygen  air,  are  called  combujlihlc 
todies. 

When  the  oxygen  air  is  dectmpofed  flowly,  the 
heat  is  imperceptible,  becaufe  the  caloric  is  difll- 
paced  as  foon  as  generated.  When  the  decompo- 
lition  goes  on  fafter,  the  bodies  concerned  become 
fenfibly  warm.  A  quicker  decompofition  of  the 
oxyen  air  heats  the  bodies  fo  as  to  render  them 
red  hot  J  (this  temperature  is  equal  to  about  iboo* 
of  Fahrenhcic's  Thermometer)  which  (late  is  called 
ignitum^  When  the  procefs  is  attended  with  the 
produdion  of  certain  fluids,  as  hydrogen,  volatile 


•  Whoever  wiflies  to  examine^ this  fuhje^lt  at  large,  may 
perufe  fome  of  the  valuable  works  which  are  mentioned  in 
the  note  at  the  end  of  the  preceding  chapter ;  as  alfo  a  va- 
riety of  works  written  expreffivelyon  the  arts  of  dyeing. 


1-1      _  -L 
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oils,  &c.  and  the  decotnpofition  of  oxygen  air 
affords  a  fufficient  dcvelopcment  of  caloric;  then 
the  above-mentioned  fluids  themfclves  arc  ignited 
and  deconnpofcd,  which  conftitutcs  xht  flames  and  is 
thence  called  inflammation.  The  quickeft  decom- 
pofition  of  oxygen  air  is  attended  with  a  very  quick 
extrication  of  caloric,  a  fudden  expanHon  of  the 
contiguous  bodies,  and  of  Courfe  with  a  fudden 
noife  'y  hence  it  is  called  detonamn.  A  quick 
focccffion  of  little  detonations,  is  called  decrepi- 
Mien,  or  deflagration. 

Combuftions  are  generally  attended  with  the  tle- 
compoiition  and  formation  of  feveral  connpounds; 
ifiz.  the  carbon,  wfiich  naturallty  exifts  m  vegeta- 
ble and  animal  fubdances,  unites  with  part  of  the 
oacygen,  and  forms  carbonic  acid  gas ;  fbme  of  Ac 
neutral  falts  are  decompofed,  and  an  alkali  is  left 
intermixed  with  what  fixed  mat;ter  remains  after  the 
cornbuftion,  &c. 

■ 

Two  principal  fafts  mud  be  particularly  remark- 
ed in  this  place.  Firft,  that  t/ie  greateft  part  of  the 
heat,  which  is  yielded  in  combuftion,  comes  from 
the  decompofition  ot  the  oxygen  air;  and  fecondly, 
that  the  oxygen  air  is  the  general>  and  the  only 
fobftance,  which  by  its  decompofltion,  &c.  can 
produce  combuftion.  In  faft,  where  no  oxygen 
air  exifts,  as  in  vacuo,  in  azotic  gas>  in  hydrogen 
gas,  &c.  there  combuftion  cannot  take  place ;  an 
animal  cannot  refpirc,  a  metallic  body  cannot  be 

oxidacd, 
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oxidated^  or  in  general  a  combuftible  body  cannot 
bum ;  for  inftancc,  a  piece  of  charcoal,  expofcd  to 
a  ftrong  fire  in  a  clofe  vcffel,  will  not  thereby  be 
altered. 

The  atmofpherical  air  is  ufcful  for  thofc  pur- 
pofes,  fo  far  as  it  contains  oxygen  air.  When  that 
portion  of  oxygCn,  which  is  about  a  quarter  of  the 
atmofpherical  fluid,  has  been  more  or  Icfs,  or  en- 
tirely, feparatcd,  the  remainder  will  accordingly  be 
found  lefs  fit,  or  quite  unfit  for  refpiration,  for 
combuftion,  &c.  Hence  will  appear  the  ncceffity 
of  ventilating  towns,  houfcs,  fhips,  &c. 

If  you  place  a  lighted  wax  taper  under  a  glaft 
receiver,  which  is  inverted  with  its  aperture  in 
water,  and  is  fituated  upon  the  flielf  of  the  tub, 
fig,  8.  Plate  XVII.  you  will  find  that  as  the  flame 
decompofes  the  oxygen  air,  and  of  courfe  lefs  and 
left  of  that  air  remains  within  the  receiver,  fo  the 
flame  becomes  gradually  fmaller,  lefs  aftive,  andat  laft 
ceafes  to  burn.  After  the  cooling  of  the  apparatus, 
you  will  find  the  water  to  have  rifen  within  the  re- 
ceiver^ and  to  occupy  the  place  of  the  decompofed 
oxygen  air  s  viz.  about  one  quarter  of  the  original 
bulk  of  the  common  air.  The  remaining  azotic 
gas  is  unfit  for  combuftion.  This  gas  contains 
a  fmall  quantity  bf  carbonic  acid  gas,  which  has 
feecn  formed  by  the  union  of  the  carbon  of  the 
wax  with  fome  of  the  oxygen.  This  carbonic  acid 
gas  may   be    feparated   fi'om   the  azotic  gas  by 
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agkation  in  lime  water^  which  abforbs  it,  and  leaves 
the  azocic  gas  by  itlelf  *. 

If  the  glafs  receiver  be  filled  with  pure  oxygen 
air,  the  wax  taper  will  be  found  to  burn  for  a  longer 
time,  with  a  much  more  adlive  and  luminous  flame; 
and  the  air  will  difappear  almoll  entirely^  excepting 
only  the  carbonic  acid^s  which  has  been  formed, 
and  a  fmall  portion  of  oxygen  air  which  remains 
mixed  with  the  acid  gas. 

The  moft  aftive  fire  which  we  can  poflibly  pro- 
duce! is  obtained  by  pafCng  a  current  of  oxygen 
airj  inftead  of  common  air^  through  burning  coalsj 
or  other  combuftibles. 

For  the  fupport  of  ai^imal  iife,  a  conftant  fupplv 
of  heat  is  indifpenfably  neceflary,  and  the  cabricj 
which  produces  that  heat,  is  derived  from  the  de- 
compofition  of  oxygen  air  in  the  courfe  of  rcfpra- 
tion.  A.  certain  quantity  of  carbonated Jivdrogca 
gas  is  fuppofed  to  be  difengaged  from  the  blood  in 
the  lungs ;  the  oxygen  of  the  air,  which  is  infpircd, 


*  Gun  powder  may  be  fired  in  vacuo,  and  compofitions 
of  gun-powder,  nitre,  &c.  may  be  made  to  burn  under  W3- 1  \ 
ter;  but  in  thofe  cafes  the  oxygen,  neceflary  for  the  cofs-l  &f 
buflion,  is  afforded  by  the  nitre,  or  by  fome  other  raJtanaio*!  t 
gous  to  it.  In  fadl,  if  nitre  be  put  by  itfelf  in  an  eartbc?-|  ji 
ware  retort,  and  the  letort  be  expofcd  to  a  fire  fufEcientu 
render  it  flronjily  red  hot,  or  rather  white  hot,  the  nir^ 
will  5  ield  abundance  of  oxygen  air,  which  may  be  recejVd 

in  a  receiver  full  of,  and  inverted  in,  water. 

combinfi 


N 
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ccmblnes  with  the  hydrogen,  and  with  the  carbon  of 
the  above-mentioned  gas^  and  parts  with  its  calo- 
ric; thus  carbonic  acid  gas  a^d  water  is  produced, 
(for,  as  it  will  be  (hewn  in  the  fequel,  water  confifts 
of  oxygen  and  hydrogen).  The  caloric  wliich  is 
difengaged  in  this  procefs^  expands  itfelf  through 
the  adjoining  parts,  and  fupplics  the  heat  necelTary 
for  animal  life. 

If  the  atmofpherlcal  fluid  confided  entirely  of 
oxygen  air,  then  a  much  greater  quantity  of  heat 
would  be  produced  by  refpiration  than  is  neceflary 
for  the  fupport  of  animal  life,  the  combuftion  of 
bodies  would  likewife  proceed  too  rapidly,  and  of 
courfe  decompofitions  of  every  fort  would  go  on 
with  ufelefs  precipitation;  hence  we  may  thankfully 
admire  the  juft  and  temperate  confticution  cfthe 
atmofpherical  air. 

One  of  the  moft  remarkable  difcovcries  of  modern 
times,  is  the  decompoficion  and  compofition  of  water, 
which  was  formerly  confidercd  as  an  elementary  or 
fimple  fubftance.    This  decompofition  has  been  ef- 
fedbed  two  ways  principally ;  viz.  by  placing  the  va- 
pour of  water  in  contaft  with  certain  ignited  bodies 
«>r  by  means  of  eleftricity.     The  moft  fatisfaftory 
methods  of  decompofing,  and  of  compofing  it,  arc 
Icarly  defcribcd  by  M.  Briflbn,  in  the  following 
^words  : 

!•  "  A  tube  of  common  glafs,  EF,    fig.  11. 
late   XVII.   well   annealed,    and  difficult  to  be 

fufed. 
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^  The  gafes  difengaged  w^re  found  to  weigh 
altogether  113,7  jgrains. 

<*  There  were  found  two  difierent  kinds  of  gas; 
viz.  1 44  cubic  inches  of  carbonic  acid  gas,  weigh- 
ing 100  grains,  and  380  cubic  inches  of  a  vcrj 
light  gas,  weighing  1 3,7  grains.  This  lad  gas  took 
fire  on  being  applied  to  a  lighted  body  in  contad 
with  the  air. 

*'  In  examining  afterwards  the  weight  of  the 
water  which  had  pafled  into  the  flafkj  it  was  found 
lefs  than  that  in  the  retort  A,  by  8  5^7  grains.  In 
this  experiment,  therefore,  85,7  grains  of  water, 
and  28  grains  of  charcoal,  formed  carbonic  acid 
gas,  equal  to  100  grains,  and  ^  peculiar  gas  fuf- 
cepciblc of  inflammation,  equal  to  i3>7  grains. 

"  We  have  already  (aid,  that  to  form  1 00  grains 
of  carbonic  acid  gas,  72  grains  of  oxygen  muft  be 
united  to  28  grains  of  charcoal  or  carbon.  The 
a8  grains  of  charcoal  put  into  the  glafs  tube  £  F, 
took,  therefore,  from  the  water,  72  grains  of  oxy- 
gen, fince  there  was  formed  carbonic  acid  equal  to 


100  grains. 


tc 


It  appears  therefore  that  85,7  grains  of  water 
are  compofcd  of  72  grains  of  oxygen,  and  iji? 
grains  of  a  fubftancc,  forming  the  bafc  of  a  gas  fuf- 
ceptible  of  inflammation. 

3.  '*  The  apparatus  being  arranged  as  above,  inftcsi 
of  the  28  grains  of  charcoal,  274grainsof  thinlhavingil  0 
ofiron,  rolled  upin  a  fpiral  form,  were  introduced  intol  1 
the  tube  EF :  the  tube  was  then  brought  to  a  red  heal  I  p^ 

7  ^ 
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as  before;  and  in  the  like  manner  the  whole  of  the 
water  in  the  retort  A,  was  made  to  evaporate. 

"  Ih  this  experiment  there  was  difcngaged  only 
'  one  kind  of  gas  which  was  inflammable  :  there  was 
obtained  of  it  about  406  cubic  inches,  weighing 
15  graihs.  The  274  grains  of.  iron,  put  into  the 
tube  E  F,  were  found  to  weigh  above  what  they 
did  when  introduced,  85  grains,  and  the  water  firfl: 
employed  was  diminifhed  100  grains. 

**  The  volume  of  thcfe  iron  fhavings  was  found 
'  to  be  greatly  enlarged.  The  iron  was  Icarcely  any 
longer  fufceptiljle  of  attraftion  by  the  ^  magnet  i  it 
diffolved  without  efFervefcence  in  acids :  in  a  word, 
it  was  in  the  ftate  of  a  black  oxide,  like  that  which 
has  been  burnt  in  oxygen  air. 

**  In  this  experiment  there  was  a  real  oxidation 

c£  the  iron  by  rhe  water,  entirely  fimilar  to  that 

eife&ed  in  the  air  by  the  aid  of  heat ;  100  grains  of 

water  were  decompofed,  and  of  thefe  100  grains, 

85   united  to  the  iron,  to  reduce  it  to  the  ftate 

of  black  oxide:  thcfe  85  grains,  therefore,  were 

oxygen;  the  remaining  15  grains  combined  with 

f  caloric,  and  formed  an  inflammable  gas.     It  hence 

'•  follows,  that  water  is  compofed  of  oxygen,  and  the 

r  bafe  of  inflammable  gas,  in  the  proportion  of  85  to 

15,  or  of  17  to  3. 

^'  Water,  therefore,  befidcs  oxygen^  which  is 

dcme  of  its  principles,  and  which  is  common  to  it 

avrith  a  great  many  other  fubftances,  conuins  another 

;^>eculiar  to  itfelf,  and  which  is  its  conftituent  radical, 

voi^.  II,  N  N  This 


•o' 


pablc  of  containing  about   30  pints,  and 
ro  its  mouth  a  fmall  plate  of  copper  B  C, 

* 

above  it  a  cylinder  of  the  fame  metal,  g  D, 
with  three  holes  to  receive  three  tubes.  1 
of  thcfe,  iH,  is  deftined  to  be  conncdted,  a 
tremity  b,  with  an  air-pump,  in  order  1 
balloon  A,  may  be  exhaufted  of  air,  Th< 
tube  gg,  communicates  by  its  extremity 
with  a  refervoir  of  oxygen  gas,  and  is  dcf 
convey  it  into  the  ballon  A.  The  third  tub 
communicates  by  the  extremity  N  N,  with 
voir  of  hydrogen  gas  :  the  extremity  z  of  ti 
terminates  in  an  aperture  fo  fmall  as  fca 
admit  a  very  delicate  needle.  It  is  thro 
aperture  that  the  hydrogen  gas,  contained  11 
fervoir,  is  to  pafs  into  the  balloon  A.  In  1 
place,  the  fmall  plate  BC  is  pierced  with 
hole,  into  which  is  infertcd  with  cement, 
tube,  through  which  paflcs  a  wire  F  L,  hii 
its  extremity  L,  a  fmall  ball  deftined  to  ti 
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*^  That  the  gafes  may  be  conveyed  in  a  very 
dry  ftate  through  the  tubes  which  conduft  thenfi 
into  the  ballobn  A,  and  that  they  may  be  deprived 
of  water  as  much  as  poffible,  you  muft  put  into 
the  fwelled  parts.^MM,  and  N  N,  of  the  tubes, 
fome  fait  capable  of  attrafting  the  moifture  with 
great  adtivity.     Thefe  falts  fhould  be  only  coarfely 
pounded,  in  order  that  they  may  not  form  a  mafs, 
and  that  the  gafes  may  pafs  freely  through  the  in- 
terftices  left  between  the  fragments.     You  muft  be 
provided  with  a  fufficicnt  quantity  of  very  pure 
oxygen  gas,  and  nearly  a  triple  volume  of  hydro- 
gen gas,  equally  pure.     To  obtain  it  in  this  ftate, 
and  free  from  all  mixture,  you  muft  extraft  it  from 
water,  decompofcd  by  means  of  very  pure  and  duc- 
tile iron. 

**  When  every  thing  lias  been  thus  prepared, 
•adapt  to  the  air-pump  the  tube  h  H,  and  exhauft 
the  air  in  the  lars>e  balloon   A  i  then  fill  it  with 
oxygen  gas,  by  means  of  the  tube  gg^  and,  by  a 
certain  degree  of  prcffure,  force  the  hydrogen  gas  to 
pafs  into  the  balloon  A,  through  the  extremity  of 
ihc  tube  zDd'y  then  kindle  this  gas  by  means  of 
eleftric  fpark  j  and  if  you  renew  the  quantity  of 
ach  of  diefe  two  gafes,  the  combuftion  may  be  con- 
tinued for  a  long  time. 

^**  In  proportion  as  the  combuftion  proceeds^, 
'^KdXftt  is  depofitcd  on  the  internal  furface  of  the 
ft3alloon  A :  the  quantity  of  this  water  gradually 
S^ncreafes,  and  it  unites  into  large  drops,  which 

N  K  2  run 
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run  down  the  fides  of  the  vcflel,  and  are  colleftcd 
at  the  bottom  of  ir. 

'*  The  fum  of  the  weights  of  the  gafes  employed, 
and  the  weight  of  the  water  formed,  were  found  to 
be  equal,  within  ^  200th  jiart.  It  was  by  an 
experiment  of  the  fame  kind,  that  Lavoifier  aicer- 
tained,  that  85  parts,  by  weight,  of  oxygen,  and 
1 5  parts,  alfo  by  weight,  of  hydrogen,  are  required 
to  compofe  an  hundred  parts  of  water. 

"  Thefe  phenomena  of  the  decoinpofition,  and 
recompofition  of  water,  arc  continuallj  effected  be- 
fore our  eyes,  by  the  temperature  of  the  atmofphtre, 
tnd  the  agency  of  compound  affinities.  It  is  diis 
decompofition  which  gives  rife,  at  leaft  in  a  ccrDin 
c^egree,  to  the  phenomena  of  fpirttuous  fermenta- 
tion, thofe  of  putrefadion,  and  thofc  even  of  f c- 
getation." 

The  diffolution  of  metallic  fubftances  in  acids  is 
a  very  important  and  remarkable  operation  of  che- 
miftry.  When  a  metal  is  placed  in  a  fluid  acid, 
capable  of  diffolving  it,,  heat  and  eflfervefcencc  (viz. 
a  difengagement  of  gas)  frequently  cakes  place,  and 
the  gas  is  either  the  nitrous,  or  the  fulphurous  acid, 
&c.  according  to  the  nature  of  the  acid  \  the  metal 
gradually  diminiflies  in  bulk,  and  at  lail  none  of 
it  is  to  be  feen.  The  liquor  thus  loaded  with  die 
metallic  fubftance,  is  called  the  Jolutitm  of  t'o^ 
metal.  If  an  alkali,  or  certain  other  fubftances,  be 
Added  to  the  folution,  the  metallic  fobftance  will  be 

•feparatcd 


Of  Cbemical  ProceJJes.  549 

ieparated  from  the  fluid,  and  will  fall  to  die  bottom 
of  the  vcffel.  This  is  called  the  precipitate ^  and 
the  alkali  or  other  fubftance.that  has  been  added  to 
the  folucion,  is  called  the  precipitant.  The  precipi- 
tate, in  certain  cafes,  appears  in  a  metallic  (late,  viz. 
a  powder,  or  cruft  of  the  original  metal ;  but  it  ge- 
nerally appears  in  the  form  of  a  fait ;  viz.  quite  def- 
titute  of  the  nietallic  appearance:  it  is,  in  (horc,  an 
^Kyde  of  the  meta],  which  may  be  reduced  to  a 
metallic  ftate  by  depriving  it  of  the  oxygen.  This 
lafl:  proce(5  is  called  reduSiim. 

Such  are  die  general  phenoftiena  of  metallic  dif- 
Iblutioiis,  and  the  operations  of  affinity  fee m  tfo  be 
fimpk  and  evident ;  but  a  clofer  examination  of 
particular  diflblutions,  and  of  the  fafls  which  attend 
each  of  them,  fhew  that  the  fubjed  is  much  more 
intricate  than  it  may  ac  firfl:  fight  appear.  In  fliort^ 
it  is  manifefted  by  a  variety  of  experiments,  that 

.  water  is  abiblutely  neceflary  for  every  diiiblution  \ 
chat  the  water  is  decompoKed  as  well  as  the  meta} 
and  the  acid,  and  that  new  compounds  are  thereby 
fefoied.  Nearly  the  fame  thing  may  be  faid  of 
reduftions  f  but  the  number  of  ingredients  of  de- 
compofitions  and  compofitions,  which  aft  and  are 
produced  in  every  particular  cafe,  are  in  part 
^known,  and  in  part  gueffed  at.  Several  elegant 
experiments  in  elucidation  of  this  fubjeft,  which 

.Ibew  tiie   above-mentioned  neceflary  prefence  of 
waodr,  and  a  variety  of  collateral  particulars,  were 

N  N  3  fqrnilhcd 
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fumiflicd  to  the  (cicntific  world  by  an  ingenious  fe- 
male writer  ♦. 

Some  idea  of  the  primkive  fubftances  has  been 
given  in  the  preceding  chapter  j  but  by  far  the 
greater  number,'  if  not  all,  the  bodies  which  na- 
turally occur  to  our  fenfes,  are  compounds  of  fc- 
veral  of  the  primitive  fubftances  5  and  their  ingre- 
dients are  in  great  meafure  to  be  afcertained  by  trials, 
and  by  employing  other  fimpler  and  determinate 
fubftanees. 

Each  of  the  three  kin^oms  of  nature  are  divided 
by  the  chemifts  into  fiibordinate  divifions.  The 
mineral  is  divided  into  earthy,  metallic,  faline,  and 
bituminous,  minerals ;  of  which  a  general  i^ea  has 
been  given  in  the  preceding  pages,  excepting  the 
bituminous;  but  thefe  feem  to  have  a  double 
origin  ;  viz.  they  feem  to  partake  of  the  mineral 
and  of  the  vegetable  kingdom  ;  for  they  are  found 
to  contain  feveral  of  thofc  ingredients  which  belong 
principally  to  vegetables,  and  perhaps  to  animals 
too. 

Vegetables   feem    to  derive  their  nourifliment 


♦  See  Mrs.  Fulhame's  Effay  on  Combuftion,  &c.  Lon- 
don 17^4.  See  alfo  a  (hort  account  of  Dr,  Woodhoufc's 
Experiments  in  the  Philofophical  Magazine,  vol.  VII.  p.  83. 
and  the  Chemical  Woiks  mentioned  at  ihe  end  of  the  pre- 
ceding chapter,  in  which  the  particular  phenomena  that  at- 
tend a  variety  of  dilToIutions  and  rcdudions  will  be  found. 

chiefly 
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chiefly  from  Water,  which  is  decompofid  by  the 
powers  of  yegecatidn,  and  its  conriponents  enter 
into  new  combinations.  The  hydrogen  becomes 
an  eiTential  principle  of  plants,  and  enters  into  the 
formation  of  their  reiins,  oils,  add  mucilage. 
Part  of  the  oxygen  forms  the  acid  juices  of  ve- 
getables, and  another  part  is  expelled,  when  the 
plants  arc  cxpofcd  to  a  ftrong  light,  in  the  form 
of  oxygen  air;  but  when  the  plants  are  in  the 
dark,  as  at  night,  then  they  give  out  principally 
the  carbonic  acid  gas.  The  common  air.  which 
furrounds  a  plant  contributes  to:  its  vegetation,  by 
affording  it  oxygen  in  certain  cafes,  as  alfo  by  de- 
poOcing  moifture  upon,  or  taking  it  away  from, 
its  furface,  according  to  circumftances..  Nitrogen 
is  likewife  abforbed  by  plants. 

Light,  caloric,,  and  carbon,  do  alfo  leem  to  enter 
into  combination  with  vegetables,  and  .to  be  ne- 
ceffary  for  their  growth. 

Moft  of  thofe  principles  may  be,  extradled,  by 
decompofition,  from  all  plants  ;  but,  befides  thofe, 
there  s^re  feveral  others  which  may.be  extrafted 
froip  particular  planes. 

Though  we  find  that  moft  plants  are  refolvible 
ipto  the  above-mentionpd  principles ;  yet  it  muft 
be  acknowledged  that  th^  chemical  art  cannot 
imitate,  or  form,  any  vegetable,  no  more  than  it 
can  form  any  animal,  parf.  The  real  proportion 
of  the  ingredients,  the  manner  of  combining  thefn, 

'     N  N  4  and 


j;  5  4  Of  Chemical  PrHeJfes. 

and  probably  the  ncceffarjr  concurrence  of  other 
dements,  are  far  from  being  afccrtained. 

By  the  dccompofition  of  plants  (1  do  not  mean 
aA  extreme  decompofition)  feveml  ufcful  fubftanccs 
are  obtained;  the  mod  remarkable  of  which  we 
ihali  briefly  enumerate. 

The  Jap  is  the  general,  or  moPC  abundant,  fluid 
of  a  plant,  from  which  the  various  peculiar  juices, 
reflns,  oils,  &c.  of  the-  plant,  are  fecreted,  by 
the  organifm  of  the  plant  and  the  {x>wers  of  ve- 
getation. 

The  mucilage,  which  forms  the  bafis  of  nioft  vt^ 
getable  produdions,  has  the  foUowii^  peculiar  pro- 
perties.  It  is  infipid;  is  foluble  in  water,  but  not  in 
alcohol  J  is  coagulable  by  the  action  of  weak  acids, 
^d  of  metallic  folutions. 

GkmAs  a  conrifl:ent  fubfl:ance,  foluble  in  water. 
It  is  found  concreted  in  certain  places  on  the  furfacc 
of  plants^  and  is  fuppofed  to  be  only  infpifllated 
mucilage. 

Oils  are  diflinguiflied  into  fxed  or  fat  oils  i  viz. 
fuch  as  contain  mucilage,  and  cannot  be  rendered 
volatile  without  a  confiderable  degrefe  of  heat; 
dnd  into  volatile  oils,  which  contain  aroma,  or 
the  odoriferous  part  of  the  plant.  By  diftillanon 
oils  yield  a  phlegm,  an  acid,  a  fluid,  or  light 
oil,  a  confiderable  quantity  of  hydro-carbonate 
gas,  carbonic  acid  gas,  and  leave  in  the  retort  i 

fcCduur:; 
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refiduum  which  does  not  afford  any  alkali,  as  the 
aftics  of  moft  vegetables  do.  The  volatile  oils 
afford  a  greater  proportion  of  hydrogen  gas,  and 
the  fixed  oils  a  greater  proportion  of  carbonic  acid 
gas  ;  for  this  gas  is  in  great  meafure  derived  from 
the  mucilage. 

'  Refins  feem  10  be  oils  concreted  by  the  combi- 
nation with  oxygen.  They  are  inflammable,  fo- 
luble  in.s^lcohol,  and  in  oils,  but  not  in  water. 

Cum  re/ins  fcem  to  be  mixtures  of  mucilage  and 
of  refins  y  for  they  are  partly  folublc  in  water,  and 
partly  in  alcohol. 

F^cula  feems  to  be  little  diflTerent  from  muci- 
lage. The  principal  circumftance,  in  which  they 
feem  to  differ,  is,  that  faecula  is  not  foluble  y[k  cold 
water. 

Vegetabk  gluten^  is  an  adhefive  fubftance,  ob- 
tained principally  from  the  flour  of  ferinaceous 
plantSi  by  forming  a  pafie  of  that  flour,  and 
kneading  it  in  water,  until  it  no  longer  tinges  the 
water. 

Sugar  is  an  efiential  fait,  which  may  be  ex- 
traftcd  in  various  quantities  firom  diflTerent  plants. 

Albuminous  Matter  of  Vegeiahles,  is  a  flocculent 
inatter,  which  is  extra&ed  frotn  the  juice  of  cer- 
tain  plantSj  and  in  fome  meafure  refembles  the 
white  of  an  egg,  whepce  it  has  derfved  its 
liame. 
The  difiercne  acids^  which  may  be  obtained 
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from  vegetables,  have  already  been  enumerated  in 
the  preceding  chapter. 

The  conftituent  principles  of  plants  have  different 
affinities ;  but  the  proportion  of  thofc  principles  in 
a  living  plant>  is  fuch  as  to  balance  their  peculiar 
affinities ;  and  the  exccfs  or  dcfcft  of  each  prind- 
pk  is  eafily  expelled .  or  abforbed  by  the  adion 
of  vegetation.  But  when  vegetation  ceafes^  then 
the  a£tion  of  the  atmofphere,  which  heats  or  cools, 
or  oxygenates,  or  dries  up,  or  moiftcns,  the  vege- 
table fubflances,  foon  difturbs  that  juft  proportion 
of  ingredients,  and  produces  a  variety  of  efFcfts.  If 
the  vegetable  abound  only  in  moifture^  a  dry  air 
and  ventilation  will  dry  it  up  \  and  fuch  is  the  cafe 
i^ith  woodi  feeds,  &c.  When  the  vegetables  arc 
very  juicy,  and  thofe  juices  contain  a  variety  of  prin- 
ciples, then  thofe  principles  begin  to  feparatc,  the 
heavicft  go  to  the  bottom,  the  inoft  volatile  fly 
away,  an  intcftine  motion  is  thereby  produced,  new 
coml;)inations  take  place,  &c«  This  decompofition 
in  general  is  cMcd fermenlaiion.  Indifferent  ftatcs 
of  it  different  effefts  are  produced,  and  from  thofc 
cffedts  it  derives  three  different  names  ;  viz.  of  ^i- 
noHSy  acid,  and  puirid,  fermentation. 

The  Vinous  Fermentation^  or  Spiritous  Fermenta- 
tion. In  order  to  produce  this  fermentation,  the 
cxpreffed  juice  of  grapes  (and  the  fame  thing  with 
little  difference  may  be  faid  of  the  juices  of  feveral 
other  fruits)  is  placed  in  an  open  veffel,  or  vac, 


and 
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and  is  kept  gently  warm,  as  about  70**  of  Fabrcn- 
heit's  Thermometer.  The  liqour  foon  grows  tur- 
bid, and  an  inteftine  motion  takes  place  through 
the  whole  mafs,  attended  with  a  copious  difchargc 
of  carbonic  acid  gas,  and  a  frothy  fubftance  called 
yeaft.  After  a  day  or  two,  and  fometimes  longer, 
the  phenomena  gradually  diminiOi,  and  ceafe  almoft 
'  entirely.  In  that  ftate  the  liquor  is  pretty  clear, 
and  will  be  found  to  have  acquired  a  vinous  tafle 
and  odour;  and  the  thickcft  or  more  confident 
part  will  be  found  fettled  at  t|^e  bottom  of  the 
veflcl.  Now  if  the  progrefe  of  diflblution  be 
flopped^  which  is  done  by  fcparating  the  clear 
liquor  from  the  thick  fediment,  by  preventing  the 
accefs  of  air  to  it,  by  placing  it  in  a  cooler 
fituation,  &c.  tiien  the  liquor  remains  with  little 
alteration  in  the  (late  of  mne.  But  if  the  whole  be 
left  undifturbed,  the  fermentation  will  pafs  on  tp  the 
next  ftage ;  viz.  to 

7he  acetous  Fermentaticn.  This  confifts  in  the 
abforption  of  oxyi/.p  from  the  atmofphercj  and 
the  refult  is  vipegar,  or  the  acetous  acid. 

In  the  putrid  Fermentation  the  colour  of  the  ve- 
getables changes  j  they  grow  pretty  hot,  and  a 
mixture  of  gafes  is  difengaged;  viz.  of  azote, 
liydrogen,  carbonic  acid,  and  ammoniacal,  ga(es. 
This  procefs  completes  the  diffolution  of  the  ve- 
^table  fubftances. 

Winc^  or  fermented  liquors,  yield,  by  diftilla- 
)Don>     an    ioflanunable    and    odoriferous    liquor^ 
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called  ffdrit  of  wine,  and,,  in  its  pureft  ftatc,  «/- 

Alcohol  fccms*  to  be  formed  from  an  intimate 
combination  of  hydrogen  and  carbon,  and  is  perfed* 
ly  mifciblc  with  water. 

Alcohol  mixed  with  the  fblphuric,  or  the  ni- 
tric, or  other  acid,  and  then  diftiUed,  yields  the 
Kghteft  liquid  known.  This  liquid  is  called  etbeft 
to  which  the  name  of  the  acid  is  added  ;  viz.  ic  is 
caHed  the fulj^buric,  or  the  mtrit^  or  the  muriatic^ 
or  the  acetic  ether j  according  to  the  nature  of  the 
acid  which  has  been  employed  for  its  produdion. 

Ether  feems  to  he  formed  from  a  combination  of 
the  oxygen  of  the  acid,  with  the  carbon  and  the 
hydrogen  of  the  alcohol.  It  has  a  peculiar  fradi, 
is  very  volatile,  and  highly  iiiflammable.  If  ether 
be  mixed  with  an  equal  bulk  of  water,  about  a 
quarter  of  it  will  be  diflblved  by  the  water  -,  the  other 
three  quarters,  which  are  purer  than  previous  to 
the  mixture,  will  be  found  to  fwim  upon  the 
water. 

Animal  fubftances,  whether  folid  or  fluid,  confift 
of,  for  they  are  refolvable  into,  the  following 
principles;  viz.  azote,  carbon,  hydrogen,  cxyga, 
fhofpborust  and  limt.  The  various,  but  unknown, 
proportions,  the  number,  and  the  arrangement  of 
thofc  ingredients,  conftitute  the  blood,  the  milk, 
the  gall,  the  bones,  the  mufcles,  the  fat,  and  2li 
the  other  parts  of  animal  bodies.  But  with  rcfpe^ 
to  the  fads  which  have  been  afccnained,  or  the 
a  conjectures 
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Bonjeftures  which  have  been  offered,  relative  to  the 
original  formation,  growth,  fccfetiop,  form,  fitu- 
ation,  and  other  properties  of  thofe  animal  parts, 
I  muft  unavoidably  refer  the  reader  to  the  works 
of  the  anatomical  and  chemical  writers :  we  Ihall, 
liowever,  fubjoin  a  (hort  account  of  the  natural 
procefs  of  the  putrefaftion  of  animal  fubftances, 
with  which  we  (hall  clofe  the  prefent  volume. 

An  animal,  like  a  vegetable,  when  deprived  of 
life,  begins  to  undergo  a  dccompofition  or  fep^a- 
tion  of  its  conftituent  principles  i  and  this  decompo^ 
fition  is  aflfifted  and  promoted  by  a  moderate 
warmth,  by  moifture,  and  by  thv  accefs  of  air.  It 
muft  be  obfcrved,  however,  that  animdl  diflblution 
does  not  go  through,  the  vinous  and  acetic  ftates  of 
fermentation  j  but  it  proceeds  direftly  to  the  putrid, 
principally  on  account  of  its  containing  more  azote 
and  much  ammonia ;  excepting  a  few  animal  fluids, 
which,  by  proper  treatment,  may  be  ca\ifed  to  un- 
dergo a  vinous  or  acid  fermentation. 

The  colour  and  the  confiftence  of  dead, animals 
firft  begin  to  diminifii,  and  an  unpleafant  odour  is 
exhaled.  The  colour,  after  haying  become  pale, 
changes  to  blue  and  green,  then  to  dark  brown,  ac- 
cording as  the  parts  become  lefs  confirtent,  and  the 
putrid  effluvium  becomes  more  penetrating,  naufe- 
ous,  and  injurious.  This  produftion  of  gafes  gra- 
dually increafes  in  pungency  and  variety  \  and, 
from  the  feparation  of  phofphorous,  it  is  often  at- 
tended with  a  phofphorefcent  light.     The  mafs  of 
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matter,  already  become  very  foft,  fwclls,  and,  la%, 
produces  car'.'jonic  acid  gas.  When  all  the  moft 
volatile  parts  have  been  difengaged,  the  fixed  radi* 
cals,  containing  Ibmc  h)'drogen,  form  a  brown, 
fofr,  earthy,  matter,  which,  if  left  cxpoled  to  the 
atmofphcre,  becomes,  in  proccfs  of  time,  a  jww- 
dery  pale  fubftance  j  but  if  mixed  \vith  mould, 
forms  foil  fit  for  vegetation. 

The  putrid  proccfs  of  animal  fubftances  maybe 
checked  or  prevented  by  various  means,  fuch  at 
pacing  the  fubftances  in  cold  fituations,  freezingi 
drying  up  the  moilhire  which  is  ncccflary  for  fcr-  '^ 
mentation,  introuticing  refinous  fubftances,  placing 
the  fubftances  in  fpirit  of  wine,  &c. 
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